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Insurer Small (< 1M Euro) Large (> 1M Euro) 
ACE 0.53% 0.53% - 0.75% 
AIG 0.33% 0.40% - 0.56% 
Allianz No response (but I did receive coverage) 
AON 0.26% 0.32% - 0.36% 
Chubb 0.35% 0.35% - 0.99% 
CNA > 0.50% (incomplete information) 
HDI-Gerling Only coverage for online banking fraud 
Hiscox 0.34% 0.34% - 0.74% 
XL No response 
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Naturally, given the rapidly changing nature of the Internet, the results are a snapshot and it is not 
unlikely that the premiums analysed in the case study will differ in the future. In addition, I requested 
a limited number of contracts on behalf of a limited number of organizations, so that generalizations 
should be made with care. Furthermore, this case study only observed one national market, in order 
to avoid that differences between policies are due to underlying national factors (such as legislation) 
that may differ between countries. However, given that cyber risk is an international phenomenon 
that does not stop at national borders and because the insurers investigated all are international 
companies, the results found for the case study in the Netherlands are likely relevant for other 
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NOTE: 'Y' is stated when coverage is provided, 'N' when no coverage is provided, and 'O' when 














































































































































































































































































































































































































































































































































































































































s ,WHYs %*!/s .!s
!4(1 ! s ^EWFs ^"_s
^!4(1/%+*/s 0+s
(1/!/s EqI_s * s
0$!s  !"%*%0%+*s +"s
(1/!s DYs (!#(s
(%%(%05s (+//s 0$0s



































































!4(1 ! s ,WJs
^EWD_s ^ _s ^%%_s
!*!s 0$%. s



















































































































































































































































































































































s ,.#.,$sDWEs s ,WHs s ,WGs


























































$%/s $,0!.s +*0%*1+1/s 0$!s !* !2+1.s +"s .0s 			s +"s 0$!s /01 5s 0+s
% !*0%"5s 3$!0$!.s * s 0+s 3$0s !40!*0s .%/'s /$%"0%*#s *s +*0.%10!s 0+s
%*"+.)0%+*s %""1/%+*s %*s 5!.s /!1.%05Ws$%/s $,0!.s /01 %!/s 0$!s (3s
* s !+*+)%/s +"s 5!.s .%/'s ,++(%*#s ..*#!)!*0/Ys .%/'s /$.%*#s
3%0$+10s *s %*/1.!.Ws $!s +*!,0s $/s $ s (%)%0! s 00!*0%+*s %*s 5!.s
/!1.%05s (%0!.01.!Ws 	s %)s0+s +*0.%10!s 0+s 0$!s (%0!.01.!s5s!4)%*%*#s
0$!s0$!+.!0%(s,+0!*0%(s+"s5!.s.%/'s,++(%*#s* s5s %/0%*#1%/$%*#s0$!s
+* %0%+*/s"+.s,++(%*#s%*s+. !.s0+s3+.'s%*s5!.s/!1.%05Ws	*s +%*#s/+Xs
0$%/s$,0!.s1%( /s1,+*s0$!s0$!+.!0%(s"+1* 0%+*/s"+.s.%/'s/$%"0%*#s%*s
5!.s/!1.%05s"+.)1(0! s%*s$,0!.sHs* s0$!s%*/%#$0/s.!(0! s0+s0$!s
/0.1##(%*#s 5!.s %*/1.*!s ).'!0s  %/1//! s %*s $,0!.s IWs $!/!s
$,0!./s /$+3! s 0$0s*!%0$!.s %* %2% 1(s .%/'s)*#!)!*0s*+.s 5!.s
%*/1.*!s +""!.s ,!."!0s %*!*0%2!/s "+.s )*#%*#s ,.%%+1/s .%/'/s %*s
5!.s /!1.%05Ws 	s3%((s /$+3s 0$0s,++(%*#Xs1* !.s /+)!s %.1)/0*!/Xs
)5s !s)+.!s !""!0%2!s 0$*s 5!.s %*/1.*!Ws $!s)%*s -1!/0%+*s "+.s
"101.!s.!/!.$s%/s3$!0$!.s.%/'s,++(/s%*s5!.s/!1.%05s.!s,(!s+"s
+),.0)!*0(%60%+*s +"s .%/'/s * s 3$!0$!.s 0.*/0%+*s +/0/s +"s
)+*%0+.%*#s*s!s/1""%%!*0(5s (+3Ws	s/0.0s 0$%/s$,0!.s5s %/1//%*#s
5!.s.%/'s,++(%*#s%*s.!(0%+*s0+s0$!s5!.s%*/1.*!s0!$*%-1!s+"s0$!s
,.!2%+1/s $,0!.s %*s /!0%+*s JWEWs !0%+*s JWFs   .!//!/s !.(%!.s
!4,!.%!*!/s 3%0$s .%/'s ,++(%*#Ws $%/s (! /s 0+s 0$!s "+.)1(0%+*s +"s
+* %0%+*/s "+.s !""!0%2!s .%/'s ,++(%*#s %*s 5!.s /!1.%05s %*s /!0%+*s JWGWs
!0%+*sJWHs+*.!0%6!/s3$0s+1#$0s0+s!s/,!%"%s !/%#*s,.)!0!./s+"s











	s (/+s  %/0%*#1%/$s 0$!s )%*s 0. !q+""/s %*s /1$s s  !/%#*Ws !0%+*s JWIs
+*(1 !/Ws
JWEW ++(%*#s!(0%2!s0+s	*/1.*!s
	*s 0$%/s /!0%+*Xs 	s 3%((s  %/1//s ,++(%*#s .!(0%2!s 0+s 5!.s %*/1.*!s
0!$*%-1!Xs /s  %/1//! s %*s 0$!s ,.!2%+1/s $,0!.Ws $!+.!0%(s /01 %!/s
)!*0%+*s2.%+1/s%.1)/0*!/s%*s3$%$s^5!._s.%/'s,++(%*#s)%#$0s!s
!*!"%%(s "+.s ,.0%%,*0/s * s "+.s /+%!05WHGLs +.$s 3/s 0$!s "%./0s 0+s
*(5/!s+,0%)(s.%/'s/$.%*#s!03!!*s03+s,.0%!/WHHCs..+3s %/1//! s
2.%+1/s,.+(!)/s.!(0! s0+s%*/1.*!Xs/1$s/s"+.s%*/0*!s0$!s%*$!.!*0s
,.+(!)s +"s )+.(s $6. WHHDs 	0s $/s !/,!%((5s !!*s 0$!s 3! %/$s
!+*+)%/0s '+#$s3$+s /$+3! s %*s s /!)%*(s .0%(!s %*s 0$!s 
+1.*(s +"s








/s 0$!s ,.0*!./s %*s 0$!s ,++(s .!s "! s 3%0$s 0$!s /)!s .%/'Ws $0s (/+s
!4,(%*/s 3$5s *s %*/1.*!s ).'!0s *s +*(5s .!$s )01.%05s 3$!*s


















	*s 0$%/s /!0%+*Xs 	s  !/.%!s 0$!s  2*0#!/s +"s ,++(%*#s .!(0%2!s 0+s
%*/1.*!Ws$!s)%*s %""!.!*!s!03!!*s%*/1.*!s* s.%/'s/$.%*#s2%s
,++(%*#s %/s 0$0s %*/1.*!s (35/s .!-1%.!/s *s //%#*)!*0s +"s
,.+%(%0%!/s%*s+. !.s0+s(1(0!ss,.!)%1)Ws++(%*#Xs+*s0$!s+*0..5Xs
%/s )+.!s "(!4%(!s 0+s 0$!s 1*,.! %0(!s  %/0.%10%+*s +"s 5!.s .%/'/WHHGs
,!.0+./s !4,+/! s 0+s s /%)%(.s .%/'s *s /$.!s .%/'/s !2!*s 3$!*s 0$!s
/,!%"%s ,.+%(%0%!/s .!s 1*'*+3*Xs 3$%(!s *s % !*0%(s 1*'*+3*s
 %/0.%10%+*s+"s.%/'/s,.!2!*0/s%* !,!* !*0s%*/1.!./s".+)s1/%*#s0$!s(3s
+"s(.#!s*1)!./s0$0s//1)!/s0$0s0$!s01(s,5q+10s+*s(%)/s3%((s
+*2!.#!s 0+s 0$!s 2!.#!WHHHs '+#$s * s1s,.!/!*0s 0$!s /0+.5s +"s /$%,s
+3*!./s/$.%*#s(+//!/s0+s%((1/0.0!s$+3s.%/'s/$.%*#s)0!.%(%6!/WHHIs$!s
/0+.5s %/s +10s 0$!s /$.%*#s +"s s ,+0!*0%(s (+//s +"s .#+s * s /$%,s %*s s
/%010%+*s3$!.!s*+s%*/1.*!s%/s2%((!Ws$!s03+s/$%,q+3*!./s$2!ss
/%)%(.s /$%,Xs .#+Xs .!3s * s .+10!Xs * s 0$1/s 0$!s /)!s ^1*'*+3*_s
,.+%(%05s+"ss(+//Ws$!5s3+1( s!4,!0s0+s!*!"%0s5s/$.%*#s0$!s(+//s
+"ss/$%,Ws$!s03+s/$%,q+3*!./s(/+s.!(%/! s0$0s0$!s,++(%*#s3+1( s!s




HHGs./$((s% !*0%"%! s03+s,.%*%,(!/s1* !.s3$%$s%*/1.*!s)%#$0s"1*0%+*Ys0$!s
.!/!.2!Xs+.s0.*/"!.Xs,.%*%,(!s* s0$!s)101(%/0%+*s,.%*%,(!Ws* !.s0$!s.!/!.2!s
,.%*%,(!Xs.%/'s%/s0.*/"!..! s0+s!40!.*(s.%/'s!.!./s0+s$+( s%*ss.!/!.2!s".+)s
3$%$s0+s %/$.#!s(%)/Ws%0$s)101(%/0%+*Xs,+(%5$+( !./s&+%*0(5s$+( s0$!s
.!/% 1(s(%)/s+*s0$!s,++(Ws+0(s(+//!/s.!s/$.! s)+*#s,+(%5$+( !./s5s/+)!s









3%0$s0$!s/)!s.#+s* s !/0%*0%+*s0$0s+1( s/$+3ss/%)%(.s-1(%05s
+"s/$%,s* s.!3Wss(%)%00%+*s %*s0$!s,++(%*#s %/s0$!s2.5%*#s2(1!s+"s
/$%,s* s.#+s* s2.5%*#s !/0%*0%+*/Ws10s0$%/s/$+.0+)%*#s*s!s
/+(2! s1/%*#ss1*%0s+"s)!/1.!Xs((! ssd/$.!eXs* s0$!*s,!+,(!s*s
&+%*s 0$!s ,++(s3%0$s  %""!.!*0s /$.!/Ws 	*s 0$%/s35Xs 0$!s .%/'/s 0s /!s .!s
 %2!./%"%! Ws %*!s 0$!s ,++(s)!)!./s $2!s s +))+*s %*0!.!/0s %*s 0$!s
,.!2!*0%+*s+"s% !*0/Xs0$!5s%*0.+ 1!s/"!05s.!#1(0%+*/s+. %*#s0+s
%*"+.)0%+*s 2%((!Ws /s 0%)!s #+!/s 5s 0$!5s (/+s +0%*s "1.0$!.s
%*"+.)0%+*s +*s d$%#$es * s d(+3es .%/'/Ws $!s 0!* !*5s +"s (+3s .%/'/s 0+s
(!2!s0$!s,++(s%/s)%0%#0! s5s &1/0)!*0/s%*s0$!s/$.!/s* s0$!s!*!"%0s
+"s s (.#!s ,++(s %/s 0$!.!"+.!s )%*0%*! WHHJs +.s )!Xs 0$!s 0(!s #%2!/s s
,(1/%(!s,%01.!s+"s0$!s !2!(+,)!*0s+"s,++(%*#s* s0$!s!2+(10%+*s+"s
%*/1.*!Ws *s   %0%+*(s ,+%*0s %/s 0$0s ((s %0%6!*/s )5s !*!"%%((5s
/$.!s$6. /s0$0s.!s1*,.! %0(!s+.s*+0s!2!*s"+.!/!!(!Xs/s(+*#s




!+* (5Xs0$!s,++(s$/s0$!s"(!4%%(%05s0+s !2!(+,s* s%//1!s/,!%(%6! s
,+(%%!/s 0+s %0/s )!)!./Ws %/'s ,++(/s $2!s 0$!s "(!4%%(%05s 0+s ,.+2% !s
/,!%"%s+2!.#!s+.s  %0%+*(s+2!.#!s!5+* s0$!s/+,!s+"s%*/1.*!s
+),*%!/WHHKs %*!s ,.0%%,*0/s .!s 0$!s h+3*!./hs +"s s .%/'s ,++(Xs 0$!s
%*0!.!/0s +*"(%0s!03!!*s %*/1.!./s * s,+(%5$+( !./s +!/s*+0s,(5s s
.+(!s%*s.%/'s,++(%*#s#.!!)!*0/Ws
s
$%. (5Xs 0+0(s +/0/s *s !s (+3!.Ws 	*s *s %*/1.*!s ,+(%5Xs 0$!s .%/'s %/s
/$%"0! s0+s0$!s%*/1.!.s0s0$!s,.%!s+"ss,.!)%1)Ws$!s,.!)%1)s%/s*+0s









)0!.%(%6! s +.s *+0Ws 	*s s .%/'s /$.%*#s #.!!)!*0Xs s )!)!.s +*(5s
+*0.%10!/s%"s*s% !*0s$,,!*/Zs0$!s 105s0+s+*0.%10!s*s!%0$!.s!s
,+/0,+*! s+.s 0$!s +*0.%10%+*s *s!s ..%! s+2!.s "+.s 0$!s "+((+3%*#s
5!.s%"s0$!.!s%/s*+s% !*0Wss)!)!.s*s(/+s.!+2!.s$%/s+*0.%10%+*s
5s/0+,,%*#s.!0%*#s0$!s.%/'s* s(!2%*#s0$!s,++(Ws*+0$!.s+/0s/2%*#s
,.+,!.05s +"s .%/'s ,++(%*#s %/s 0$0s !4,!*/%2!s +2!.$! s * s /+s ((! s
d%*/1.!.s)%#1%05es+/0/s.!s2+% ! WHHLs$!s+/0/s+"s)%#1%05s*s!s
(+3!.s %*ss .%/'s,++(%*#s..*#!)!*0s3$!*s+,!.0+./s!4,+/! s 0+s 0$!s
/)!s.%/'s$2!s!00!.s%*"+.)0%+*s+*s0$!s.%/'s0$*s%*/1.!./WHICs	*s5!.s
/!1.%05Xs 0$%/s %/s !/,!%((5s 0$!s /!s3$!*s %*"+.)0%+*s %/s /$.! s * s
##.!#0! WHIDs +**!0! s 0+s 0$!s +/0s /2%*#s .#1)!*0Xs s 5!.s ,++(s

















HIEs$%/s !,!* /s+*s0$!s"1* %*#s/0.101.!s+"s0$!s,++(Xs3$%$s	s3%((s %/1//s%*s
!0%+*sJWHWGWs
HIFs+.(s$6. s%/s(+/!(5s(%*'! s0+s 2!./!s/!(!0%+*Xs3$%$s+1./s!4s*0!Xs!"+.!s
/%#*%*#s0$!s+*0.0s%*s/%010%+*s3$!.!s+),(!0!s%*"+.)0%+*s%/s/!*0Ws+.!+2!.Xs







0++s +/0(5s "+.s 0$!s %*/1.!.s 0+s ,!."!0(5s)+*%0+.s 0$!s !$2%+1.s +"s 0$!s
%*/1.! Xs3$%$s*s0$!.!"+.!s!4$%%0s0$!/!s$%  !*s0%+*/WHIHs	*ss.%/'s
/$.%*#s #.!!)!*0Xs )101(%05s %/s .!0! Xs 3$!.!5s 0$!s +*0.%10%+*s
,% s 5s +*!s )!)!.s  !,!* /s +*s 0$!s (%)/s ) !s 5s ((s +0$!.s
)!)!./WHIIs	0s%/s%*s0$!s%*0!.!/0/s+"s((s+0$!.s)!)!./es(%)/s0+s!s/s
(+3s /s ,+//%(!s * s 0$1/s s )101(s %*0!.!/0s +"s .%/'s )%*%)%60%+*s %/s
.!0! WHIJs +s .! 1!s .%/'/Xs 0$!s )!)!./s +"s /1$s s #.+1,s $2!s
%*!*0%2!/s0+s %""!.!*0%0!s.%/'/s0+s(%#*ss)!)!.e/s+*0.%10%+*s0+s0$!s
.%/'s !$s )!)!.s ,+/!/s * s 0+s )+*%0+.s !$s +0$!.Ws 101(%05s %/s
!/0(%/$! s3$!*s0$!s)!)!./s.!s/1&!0s0+s/%)%(.s/"!05s.1(!/Ws$!s
)!)!./s .!s "! s3%0$s 0$!s /)!s 05,!s +"s .%/'s * s$2!s +"0!*s)+.!s
!4,!.0%/!s* s,.!%/!s'*+3(! #!s+),.! s0+ss0$%. s,.05s%*/1.!.WHIKs
/s".s/s5!.s.%/'/s.!s+*!.*! s0$%/s)5s!s0$!s/!Xs!1/!s0$!5s
3+1( s$2!s% !*0%(s	s,.+!//!/Ws$!.!"+.!s0$!5s*s!2(10!s0$!s.%/'s




 !,!* /s +*s 0$!s ,!."+.)*!s +"s ((s )!)!./s 0$!5s 3%((s $2!s /0.+*#s
%*!*0%2!/s"+.s)101(s)+*%0+.%*#Ws	"s$!*!s+*!s)!)!.s3+1( s".!!s.% !s


















/0.+*#s %*!*0%2!/s "+.s)101(s)+*%0+.%*#s %*s +. !.s 0+s 2+% s 0$0s +*!s
.%/'5s)!)!.s3+1( s%*.!/!s0$!s+((!0%2!s.%/'Wss
JWEWE .3'/ss
%./0Xs *s %),+.0*0s +* %0%+*s "+.s)101(s .%/'s /$.%*#s 0+s3+.'s %*s %0/s
)+/0s/%),(!s"+.)s%/s0$0s0$!s,.0%!/s%*s0$!s,++(s)1/0s!,0s* s0.1/0s
0$0s 0$!5s((s /00%/0%((5s "!ss /%)%(.s .%/'WHJDs.0%!/s*!! s 0+s$2!ss
/%)%(.s+.s0s(!/0s+),.(!s5!.s/!1.%05s.%/'s!4s*0!s* s*!! s0+s
..5s+10s/%)%(.s/!1.%05s!""+.0/s!4s,+/0Ws$!*s0$%/s%/s*+0s0$!s/!Xs0$!s




^!4s *0!s +.s !4s ,+/0_s 3$+s 3%((s  .+,s +10Xs 3$%$s )5s )'!s 0$!s ,++(s
3!'!.Ws $!.!s %/s (35/s 0$!s ,.+(!)s 0$0s ,++(%*#s )5s !s )+.!s
00.0%2!s "+.s ,.0%%,*0/s 0$0s ..5s $%#$s .%/'/Ws 	"s 0$!/!s **+0s !s
 !-10!(5s % !*0%"%! Xs  2!./!s /!(!0%+*s 3%((s ,.!2!*0s ,++(%*#s 0+s
!)!.#!Ws +3!2!.Xs !2!*s %"s .%/'/s .!s *+0s $+)+#!*!+1/s 0$%/s *+0s
*!!//.%(5s,+/!/ss,.+(!)s/s(+*#s/s%0s%/s,+//%(!s0+s %""!.!*0%0!s* s
+),.0)!*0(%6!s 0$!s .%/'s * s "+.s !4),(!s $+( s 0$0s 0$!s +*!s 3$+s
+*/0%010!/ss(.#!.s.%/'s,5/ss(.#!.s+*0.%10%+*s0+s0$!s,++(Ws
s
!+* (5Xs 0$%/s *#!.s +"s ".!!s .% %*#s3%((s !s3+./!*! s3$!*s)101(s
)+*%0+.%*#s%/s%),.0%(s+.s%),+//%(!Ws	*s0$0s/!s)+.(s$6. s)5s










,.0%(s %*/1.*!s +2!.#!WgHJEs 	*s 5!.s /!1.%05Xs)101(s)+*%0+.%*#s
*s %* !! s!s$. s ".+)ss '*+3(! #!s,+%*0s+"s 2%!3s10s 0$+/!s3$+s




.% !Ws .!%/!(5s "+.s 0!$*%(s * s $%#$(5s +),(%0! s ^*!3_s .%/'/s
+,!.0+./s)5s %*s /+)!s /!/s $2!s !00!.s %*"+.)0%+*s ^+),.! s 0+s
%*/1.!./_s+*s+,0%)(s,.!2!*0%2!s0!$*+(+#%!/Ws$0s+1( s!s.!"(!0! s
%*ss %""!.!*0%0%+*s+"s0$!s+*0.%10%+*s0+s0$!s,++(s+.s%*s*s!4(1/%+*s+"s
)!)!./$%,s "+.s s .%/'/Ws$!s-1!/0%+*s3%((s+"s +1./!s.%/!s 0+s3$0s
!40!*0s 0$!s ,++(s %/s %* !! s (!s 0+s !4!10!s *s !""!0%2!s )101(s
)+*%0+.%*#s* s0$1/s0+s+*0.+(s)+.(s$6. s* s 2!./!s/!(!0%+*Ws	"s
s  %""!.!*0%0%+*s !03!!*s  %""!.!*0s 05,!/s +"s .%/'s 3+1( s *+0s !s
/1""%%!*0(5s ,+//%(!Xs)+.(s $6. s **+0s  !-10!(5s !s +*0.+((! s
* s 0$!.!s %/ss (%'!(%$++ s0$0s 0$!s,++(s3%((s*+0s!)!.#!s+.s 0$0s "%.)/s
.! 1!s0$!%.s%*2!/0)!*0s* s".!!q.% !s+*s+0$!./WHJGss
s
$%. (5Xs 0$!s/!01,s+"ss,++(s.!-1%.!/s*s!40.+. %*.5s!""+.0s* s$/s
(.#!s,+/%0%2!s!40!.*(%0%!/Xs3$%$s.!s,+//%(5s0++s(.#!s0+s!.s"+.s+*!s
,.05Ws+.s 0$!s,.0%%,*0s 0$0s /!0/s1,s 0$!s,++(s %0s)5s!s %""%1(0s 0+s
.!0.%!2!s0$!s+/0/s%0s%*1..! s%*s/!00%*#s1,s0$!s,++(Zs$!s$/s0+s!s!%0$!.s















s.+'!.s+1( s!s*!! ! s0+s/!0s1,ss,++(s* s#1. s0$!s.1(!/s+"s0$!s
#)!Ws	0s0$0s/!*/!Xs0$!sXs,.+,+/! s5s$+Xs*s(/+s!s!*!"%%(Xs




)5s!s (%)%0! s * s 0$0s $!*!s,++(%*#s **+0s +),(!0!(5s !(%)%*0!s
.%/'Ws $%/s %/s s .!(s ,.+(!)s %*s 5!.s /!1.%05s !1/!Xs /s %* %0! s
0$.+1#$+10s0$!s/01 5Xs0$!/!s5!.s/!1.%05s.%/'s*s+..!(0!Xs!/,!%((5s
3$!*s +.#*%60%+*/s %*s s ,++(s 1/!s /%)%(.s 	s /5/0!)/s 3$%$s .!s
21(*!.(!s0+s/%)%(.s5!.s0$.!0/WHJJs*"+.01*0!(5Xs0$%/s%/s-1%0!s+"0!*s
0$!s /!Xs /%*!s 0$!s 	s ,.+ 10/s 2!* +./s .!s 1/1((5s (.#!s ,(5!./s
!1/!s+"s0$!s!+*+)%/s+"s/(!s* s(+'s%*s!""!0/s+"s0$!s	s).'!0WHJKs
	*s /1$s s /%010%+*Xs s 5!.s .%/'s ,++(s )5s !s 3+./!s 0$*s s 5!.s
%*/1.*!s ,++(Xs !1/!s 0$!s (00!.s $/s )+.!s ,.0%%,*0/s 0+s /+.s
.%/'WHJLs  %0%+*(s %*/1.*!Xs!5+* s 0$!s,s 0$0s %/s /!0s5s 0$!s,++(Xs




,++(s*!! /s0+s!s(!s0+s+*0.+(s0$!s,.+(!)/s+"s 2!./!s/!(!0%+*s* s
)+.(s $6. Xs 0$!.!s*!! s 0+s !s /1""%%!*0s %*!*0%2!/s "+.s .!0%*#s 0$!s
,++(Xs * s 0$!s ,++(s *!! /s 0+s  !(s3%0$s 0$!s %//1!s +"s (%)%0! s ,%05Ws














!""!0%2!s .%/'s /$.%*#Ws 	"s 0$!/!s *s !s ,.+,!.(5s   .!//! s 5!.s .%/'s
,++(%*#s)5s!+)!s,+//%(!Wss
JWFW 4,!.%!*!/s%*s0$!.s!0+./s
$!.!s .!s !.0%*(5s ,+0!*0%(s  .3'/s +"s ,++(%*#s * s /,!%"%s
+* %0%+*/s 0$0s $2!s 0+s !s )!0s "+.s ,++(%*#s 0+s 3+.'Ws !2!.0$!(!//Xs
!4,!.%!*!/s %*s+0$!.s /!0+./s /$+3s 0$0s .%/'s,++(%*#s*s#!*!.0!s 0$!s
!*!"%0/s !/.%! s%*s0$!s(%0!.01.!Ws	*s  %0%+*s0+s.%!"(5s !/.%%*#s0$!s
"1*0%+*%*#s+"s03+s!4%/0%*#s,++(/s^)+.!s,.0%1(.(5s0$!s"1*0%+*%*#s+"s
0$!s/+q((! sd.++ "+* /es%*s0$!s!0$!.(* /s* s0$!sdV	s(1/es0$0s
+2!.s).%0%)!s.%/'/_s	s3%((s!-1((5s %/1//s03+s+0$!.s%*%0%0%2!/s3$!.!s




JWFWD .++ "+* /!*s
s .++ "+* /s ^(%0!.((5Ys .! "1* _s %/s s .%/'s ,++(s %*s 3$%$s /!("q
!),(+5! s,!+,(!s/$.!s0$!%.s.%/'/s"+.s%*,%05s"+.s3+.'WHKCs$!s)%*s
.!/+*s3$5s0$!s.++ "+* /!*s!)!.#! s%*sECCIs3/s!1/!s %/%(%05s
%*/1.*!s"+.s/!("q!),(+5! s3/s!4,!*/%2!Ws	*s!.(5sECDIXs0$!.!s3!.!s
DKEs.++ "+* /!*s0$0s!2!*s'! s!$s+0$!.s"%**%((5s%*ss"+.)s+"s





.++ "+* /q)%//$%!*q%!0/q2++.q&+1qDGLFGLHPs^!//! sFCs.$sECDKXs10$_Zs
s! !.(* s^ECDI_sO$00,/Yoo333W66,q*! !.(* W*(o01!!(o*%!13/o66,q
.++ "+* /q/0!.'q/+%(q% !!Ps^!//! sFCs.$sECDKXs10$_Ws
HKDs	*s%'%,! %Xs0$!s.++ "+* /s/5/0!)s%/s !/.%! s%*s)+.!s !0%(Ysf0$!s/5/0!)/s







01.*! s +10s 0$0s )101(s )+*%0+.%*#s "1*0%+*/s 3!((Xs /%*!s 0$!s /!("q
!),(+5! sf.!#1(.(5s)!!0s* s$!'s1,+*s!$s+0$!.gWHKEs$!s$!'q
1,/s(/+s$2!ss/+%(s"1*0%+*Xs/%*!s,.0%%,*0/s(/+s)101((5s/$.!s
'*+3(! #!s * s % !/Ws ((s %*s ((Xs 0$!s (+//s .0%+/s * s +/0/s .!s)1$s
(+3!.s+),.! s0+s"+.)/s+"s/+%(s%*/1.*!s"+.s1*!),(+5)!*0Ws	0s%/s




).%0%)!s .!s * s %/s ,.+2% ! s 5s 0$!s /+q((! s ,.+0!0%+*s * s
%* !)*%05s(1/s^V	s(1/_WssV	s(1s%/ss*+*q,.+"%0s)'%*#s)101(s
%*/1.*!s //+%0%+*s 3$%$s %/s !/0(%/$! s 5s /$%,s +3*!./s * s
$.0!.!./s 0+s +2!.s 0$!%.s 0$%. s,.05s (%%(%0%!/s .!(0! s 0+s 0$!s1/!s* s





.!#. /s 0+s 0$!s +1..!*!/s +"s +%(s /,%((/s +)%*! s 3%0$s 0$!s (!#(s
1*!.0%*0%!/s +10s !/0(%/$%*#s (%%(%05s )'!s %0s  %""%1(0s 0+s +2!.s
ssssssssssssssssssssssssssssssssssssssssssss
s
%* %2% 1(s*'s+1*0/s ! %0! s0+s0$!%.sh.! s"1* hWs*s0$!/!s+1*0/s0$!s
,!+,(!s3$+s&+%*ss(%%%$)s/2!ss"%4! s)+1*0s,!.s)+*0$Ys!03!!*sUFFWJHs* s
UDDEWHCWs$!5s(/+s,5ss+*!q0%)!s/!.2%!s"!!s+"sUEHCs* ss)+*0$(5s+*0.%10%+*s
+"sUDCWs	"s)!)!./s"((s/%'Xs0$!5s.!!%2!s*!0s +*0%+*/s !,!* %*#s+*s0$!%.s+3*s
)+*0$(5s+*0.%10%+*Ys!03!!*sUJHCs* sUEHCCWs!./+*(s +*0%+*/s*s!s04q".!!s
1* !.s10$s04s(3Ws$!s)+*0$(5s/2%*#/s0$0s1)1(0!s+*s0$!s*'s+1*0s+"s
!$s)!)!.s.!s+*/% !.! s/s,!./+*(s/2%*#/s* s3$!*s,!+,(!s*!(s0$!%.s
,.0%%,0%+*s0$!5s+((!0s0$%/s/1)WgsO$00,/Yoo!*W3%'%,! %W+.#o3%'%o.++ "+* /Ps
^!//! sFCs.$sECDK_Ws
HKEs	*0!.2%!3s3%0$s%s$+!*)'!.Xs"+1* !.s+"s.++ "+* /s^DDs!.1.5sECDI_Zs







,,!.! s /s s .!/,+*/!s 0+s +))!.%(s %*/1.!./es .!(10*!s 0+s
1* !.3.%0!s).%*!s.%/'/WHKGsV	s,+(%%!/s+2!.s0$!s(%%(%0%!/s/,!%"%((5s
!*1)!.0! s %*s 0$!s #.!!)!*0s qs 0$!s (1e/s .1(!++'Ws V	s +2!.#!s
1/1((5s%*(1 !/sf1*(%)%0! gs.!%)1./!)!*0s"+.s(%)/s.%/%*#s".+)Ys
(%%(%0%!/s %*s .!/,!0s+"s,!./+*/Xs (%%(%05s %*s .!/,!0s+"s .#+Xs +((%/%+*s
3%0$s /$%,/Xs +.s 3%0$s "%4! s * s "(+0%*#s +&!0/Xs /(2#!Xs +),1(/+.5s
3.!'s .!)+2(Xs "%*!/s %),+/! s 5s #+2!.*)!*0s #!*%!/Xs -1.*0%*!s
!4,!*/!/Xs0+3#!s(%%(%0%!/Xsf/1!s* s(+1.gs* s(!#(s+/0/Xs*5s+0$!.s
(%%(%0%!/s3$%$s0$!s(1e/s %.!0+./s !!)s,.+,!.s 0+s+2!.s/s3!((s/s
(%)%0! s .!%)1./!)!*0s "+.s+%(s,+((10%+*s(%)/s3$%$s.%/!s ".+)s 0$!s
!*0!.! s2!//!(/WHKHs$!s+2!.#!s+"ssV	s,+(%5s*s!s.0$!.s.+ Ys
*+0s +*(5s  +!/s %0s ,.+2% !s s +2!.#!s 0+s 0$!s (%%(%05s "+.s !+(+#%(s
 )#!Xs0$!s.!(!2*0s,!./+*(s%*&1.5s* s,.+,!.05s )#!s/s3!((s/s
+0$!.s *+*q!*2%.+*)!*0s .!(0! s (+//!/s .!s (/+s +2!.! Wss V	s(1s
,.+2% !/s/!.2%!/s)+.!s0$*ss,1.!s%*/1.!.s* s+,!.0!/s/ss)%401.!s
+"s *s %*/1.*!s +),*5Xs s (3s "%.)s * s s (+//s  &1/0!.Ws !/% !/s
+""!.%*#s *s %*/1.*!s +2!.#!Xs s V	s (1s *s (/+s ,.+2% !s s
3+.( 3% !s*!03+.'s+"s+..!/,+* !*0/s* s.!,.!/!*00%2!/s0+s#%2!s+*q
0$!q/,+0s//%/0*!s0+s 0$!s /$%,s+3*!.s3$!*s .!-1%.! Xs#%2!s!00!./s+"s
* !.0'%*#s 0+s +""!.s s /!1.%05s3$!*s)!)!./es 2!//!(/s .!s ..!/0! s







0$!s*%0! s%*# +)s101(s0!)s$%,s//1.*!s//+%0%+*s^!.)1 _s









* !.s 0$!s V	s ,+(%%!/Xs 0$!s %*/1.! s )1/0s $2!s /1""!.! s 01(s
)+*!0.5s(+//!/s!"+.!s0$!5s*s/!!'s.!%)1./!)!*0s".+)s0$!s%*/1.!./Ws
$0s)!*/s s)!)!.s %/s +*(5s !*0%0(! s 0+s /!!'s +),!*/0%+*s "+.s 0$!s
)+1*0s$!s$/s%*s"0s(+/0s 1!s0+s0$!s+1..!*!s+"ss+2!.! s%*% !*0Ws
$%/s%/s((! s0$!sd,5s0+s!s,% es.1(!Xs3$%$s%/s1/1((5s%*+.,+.0! s%*s
0$!s(1e/s1(!s++'Wss	*ssV	s,+(%5Xs0$!s(1s%/s+*(5s+(%#! s0+s//%/0s
$%/s+*0.01(s+1*0!.,.0Xs0$!s(1e/s!)!.s%*s/!s+"s(+//!/Ws$1/s
1/1((5Xs0$!s%*&1.! s**+0s.%*#ss %.!0s0%+*s#%*/0ssV	s(1s* s




)+)!*0Xs "+.s 0$!s /$%,s+3*!./es,+(%%!/Xs !$s(1s .!0%*/s 0$!s "%./0sTKs
)%((%+*s /s 0$!%.s .!0!*0%+*/Ws $!s )+1*0s !03!!*s TKs)%((%+*s * s TICs
)%((%+*s %/s  %2% ! s )+*#s ((s 0$!s (1/Ws $!s ,0%2!s %*/1.!.s +"s 0$!s
.+1,s qs 5 .s 	*/1.*!s +),*5s qs * s .!%*/1.*!s 3%0$s 0$!s
%*0!.*0%+*(s %*/1.*!s).'!0s ,(5s *s %),+.0*0s .+(!s %*s ,.+2% %*#s





%*s /+)!s /!/s !s,.+(!)0%Ws*!s %/s 0$!s .%/'s /$.%*#s %*s 0$!s .!s +"s
+""/$+.!s.!(0! s.%/'/Ws3+s.%/'s/$.%*#s#.!!)!*0/s!4%/0s"+.s+""/$+.!s









	*/1.*!s 0 Ws ^	_WHKKs /%((5s 	s * s 	s .!s .%/'s /$.%*#s
#.!!)!*0/s!03!!*s+,!.0+./Ws$!5s,.+2% !ss)4%)1)s+2!.#!s+"s
TFCCs )%((%+*Xs 10s $2!s s /!.%+1/s  ! 10%(!s +"s f*+0s (!//s 0$*s TDCs
)%((%+*gWHKLs +03%0$/0* %*#s 0$!s ,+0!*0%(s  2*0#!/s +"s 0$+/!s .%/'s
,++(%*#s..*#!)!*0/s0$!/!s.%/'s,++(%*#s/$!)!/s.!s*+0s2!.5s,+,1(.s
%*s,.0%!Ws&+.s+,!.0+./s(%'!ss.!s.!(0%2!(5s.%0%(s+"s0$!/!s.%/'s




/+(% .%05s /%*!Xs  !,!* %*#s 1,+*s 0$!s +*0.01(s ..*#!)!*0/Xs %*s
/+)!s/!/s0$!s(%(!s+,!.0+.s3%((s!s+),!*/0! s5s	s+.s	s10s
3%((s$2!s0+s.!,5s^s,.0s+"_s0$!s )#!s+2!.ss/,!%"%s^1/1((5s"%2!s
5!./_s,!.%+ WHLDs(/+s+0$!.s)&+.s+,!.0+./s$!( s0$0s	s* s	s
.!s *+0s 00.0%2!s "+.s )&+.s ,(5!./Ws $!s )101(%/0%+*s %*s 	s * s
	s+1( s(! s0+s0$!s *#!.s"+.s)&+.s,(5!./s+"s/)((!.s+,!.0+./s





















0$0s0$!s#++ s.%/'/s,5/s!W#WsFCXCCCs +((./s%*s+*0.%10%+*s* ss(.#!s
.%/'sICXCCCWs$0s %""!.!*!s %/s/%),(5s*+0s(.#!s!*+1#$Ws$!s s.%/'s
+1( s/%),(5s,5ss+*0.%10%+*s* s/0%((s".!!s.% !s+*s#++ s.%/'/s0$0s
$2!s0+s+*0.%10!s"0!.s*s% !*0Ws++(/s$!*!s,.+2% !s"+.s/)((!.s
,(5!./s3%0$s (%)%0! s(*!s/$!!0/s/+)!s'%* s+"s/"!05s*!0s* s.%/'s
 %""!.!*0%0%+*s %/s /%),(5s *+0s /1""%%!*0WHLFs 	*s !//!*!s 0$!s ,.+(!)s +"s
 2!./!s/!(!0%+*s**+0s!s1.! s/s)&+.s,(5!./s"!.s0$0s0$!5s3+1( s




10s"%(! s%*s0$!s%s !s%#+s%*s+.0$q!/0s,%*WHLGss/01 5s/$+3! s
0$0s (0$+1#$s s .%/'s /$.%*#s #.!!)!*0s +1( s !s 2!.5s !*!"%%(s "+.s
+,!.0+./s%*s0$!s,.0%1(.s.!#%+*Xs)*5s)%/,!.!,0%+*/s* s+&!0%+*/s
%*$%%0! s 0$!s .!0%+*s +"s s .%/'s /$.%*#s #.!!)!*0Ws +)!s +,!.0+./s
+*"1/! s.%/'s/$.%*#s3%0$ss+))!.%(Xs"+.q,.+"%0s%*/1.*!Zs+0$!./s
 % s *+0s 1* !./0* s 0$0s s .%/'s /$.%*#s #.!!)!*0s3+1( s ((+3s 0$!s
0.*/"!.s+"s.%/'s* s+*/% !.! s%0s)+.!s/ss(!.%*#s$+1/!s0+s0.*/"!.s
)+*!5Ws	*s0$!s,.0%1(.s/!s+"s0$!s%s !s%#+s0$!s+)%*#s%*0+s!%*#s
+"s s .%/'s /$.%*#s #.!!)!*0s (.#!(5s "%(! s /s s .!/1(0s +"s %*/1""%%!*0s
%*"+.)0%+*s +*!.*%*#s 0$!s !*!"%0/s * s 3+.'%*#s +"s s .%/'s /$.%*#s
#.!!)!*0s * s 0$!s ,,.!$!*/%+*/s +10s ".!!q.% !./s 1/%*#s 0$!s .%/'s
/$.%*#s #.!!)!*0WHLHs $!s (00!.s !4),(!s $!*!s (!.(5s /$+3/s 0$!s
%),+.0*!s+"ss#++ s+))1*%0%+*s0+3. /s0$!s+,!.0+./s!4,+/! s




















!""!0%2!s.%/'s/$.%*#s*s!s %/0%*#1%/$! Xs3$%$s	s3%((s %/1//s%*s0$!s
0$.!!s1,+)%*#s/1/!0%+*/Wss
JWGWD 1""%%!*0(5s1*00.0%2!s(0!.*0%2!/s
$!s "%./0s +* %0%+*s %/s 0$0s 0$!s (0!.*0%2!/s "+.s ,++(%*#Xs *)!(5s
%* %2% 1(s )*#!)!*0s +.s 5!.s %*/1.*!Xs )1/0s !s /1""%%!*0(5s
1*00.0%2!Ws	*s0$!s/!s+"sV	s#.+1,/s	s+/!.2! s,++(%*#s%*s/%010%+*/s
3$!.!s%*/1.!./s % s*+0s3*0s0+s!*0!.s0$!s).'!0s3$%(!s0s0$!s/)!s0%)!s
0$!s$.)s+"s*s%* %2% 1(s%*% !*0s+1( s#+s!5+* s0$!s/+(2!*5s+"s*s
%* %2% 1(s +.#*%60%+*Ws(/+Xs %*s 0$!s /!s +"s .++ "+* /s 	s +/!.2! s
0$0s 0$!s %*/1.*!s (0!.*0%2!s 3/s ,.%! s %*/1""%%!*0(5s +),!0%0%2!s
 1!s0+Xs)+*#s+0$!./Xs$%#$s%*"+.)0%+*s+/0/Xs3$%(!s/%)1(0*!+1/(5s0$!s
.%/'s+"s!%*#s*+0s(!s0+s3+.'s3/s0++s(.#!s0+s!.s%* %2% 1((5WHLIs$!s
"0s 0$0s 0$!s (0!.*0%2!/s .!s /1""%%!*0(5s 1*00.0%2!s %/s +"s +1./!s
.!(0! s0+s0$!s0$!+.!0%(s 2*0#!/s+"s.%/'s/$%"0%*#s2%s,++(%*#s0$0s	s
$2!s/'!0$! s+2!s^FWF_Ws/,!%((5s"+.s*!3s.%/'/s(%'!s5!.s/!1.%05Xs
%*/1.*!s )5s /1""!.s ".+)s $%#$s %*/1.!.s )%#1%05s ^3%0$s .!/1(0%*#s
.!(0%2!(5s$%#$s.%/'s,.!)%1)/_s* s".+)s0$!s%),+//%%(%05s0+s(1(0!s
01.%((5s "%.s ,.!)%1)/WHLJs 	* %2% 1(s .%/'s )*#!)!*0s )5s !s
ssssssssssssssssssssssssssssssssssssssssssss
s










%),+//%(!s 3%0$s %*/1.*!_s * s /%*!s %0s *s ,.+2% !s !4s ,+/0s
+),!*/0%+*s "+.s  )#!Xs (+3!.s 0.*/0%+*s +/0/s * s /$.!s
%*"+.)0%+*s (! %*#s0+s!4s*0!s,.!2!*0%+*s^3$%$s %/s %),+//%(!s3%0$s
%* %2% 1(s.%/'s)*#!)!*0_Ws
JWGWE ""!0%2!s)101(s)+*%0+.%*#s
s/!+* s+* %0%+*s%/s0$0s0$!s,.+(!)/s+"s 2!./!s/!(!0%+*s* s)+.(s
$6. s $2!s 0+s !s +*0.+((! Ws 5!.s .%/'s ,++(%*#s %/s +2%+1/(5s 0$!s
!/%!/0s%"s((s,.0%%,*0/s%*s0$!s,++(s3+1( s/00%/0%((5s"!ss/%)%(.s
.%/'WHLKs 	*s 0$0s /!s ,.+(!)/s +"s  2!./!s /!(!0%+*s 3+1( s *+0s .%/!Ws
+3!2!.Xs.%/'s/$.%*#s+"s+1./!s +!/s*+0s.!-1%.!s,1.!s$+)+#!*!%05Ws	"s
"+.s!4),(!s03+s".)!./s3+1( s+*(1 !ss.%/'s/$.%*#s#.!!)!*0s"+.s
0$!s.%/'s+"s 0$!%.s$+1/!s!%*#s !/0.+5! s%*ss ".)Xs.%/'s/$.%*#s %/s/0%((s
,+//%(!s%"s"+.s!4),(!s+*!s".)s%/s +1(!s0$!s2(1!s+"s0$!s+0$!.s+*!Ws
$0s)5s/%),(5s%),(5s0$0s0$!s".)!.s3%0$s0$!s)+.!s!4,!*/%2!s$+1/!s
$/s s (.#!.s /$.!s %*s 0$!s ,++(WHLLs(/+s %*s 0$!s /!s +"s 5!.s .%/'/s 0$!s
,.0%%,*0/s %*s 0$!s ,++(s )5s *+0s ((s +*/0%010!s $+)+#!*!+1/s .%/'/Ws
++(%*#s %/s /0%((s ,+//%(!s /s (+*#s /s 0$!s .!(0%2!s +*0.%10%+*s +"s !$s
,.0%%,*0s %*s 0$!s ,++(s *s !s ,,.+,.%0!(5s  %/0%*#1%/$! s * s !s
.!(0! s 0+s $%/s +*0.%10%+*Ws (/+s  1.%*#s 0$!s !4!10%+*s +"s 0$!s ,++(s
)101(s)+*%0+.%*#s%/s*!!//.5s0+s1.!s0$!s,.+(!)s+"s)+.(s$6. WICCs
	*s s 5!.s .%/'s ,++(s 0$%/s *s !s  +*!s 0$.+1#$s 0$!s 1/!s *!03+.'s









+*0%*1+1/(5s /*s*!03+.'s 0.""%s#+%*#s %*s* s+10s!$s,.0%%,*0Ws
!03+.'s)+*%0+.%*#s*s!s+),(!)!*0! s5s.!#1(.s)101(s1 %0/s
.!(0! s 0+s 0$!s /0.101.!s 	s .$%0!01.!s * s 0$!s 1,q0+q 0!*!//s +"s
/+"03.!Ws $!s %*!*0%2!s "+.s )101(s )+*%0+.%*#s 3%((s %*s ,.%*%,(!s !s
/0.+*#s /%*!s 0$!s,++(s,.!%/!(5s$/s 0$!s %*!*0%2!s 0+s +*0.+(s ((s +"s %0/s
)!)!./s/%*!s0$!s+((!0%2!s.%/'s3%((s%*.!/!s%"s+*!s+"s0$!s)!)!./s




!""!0%2!s )101(s)+*%0+.%*#s * s 0$1/s 0+s +*0.+(s )+.(s $6. s * s
 2!./!s /!(!0%+*Ws 	"s s %""!.!*0%0%+*s!03!!*s %""!.!*0s 05,!/s+"s .%/'s
3+1( s*+0s!s/1""%%!*0(5s,+//%(!Xs)+.(s$6. s**+0s!s !-10!(5s
+*0.+((! s* s0$!.!s%/ss(%'!(%$++ s0$0s0$!s,++(s3%((s*+0s!)!.#!Ws
s
101(s)+*%0+.%*#s*!! /s 0+s 0'!s,(!s3%0$+10s 0++s$%#$s 0.*/0%+*s
+/0/Ws$!/!s0.*/0%+*s+/0/s3%((s!s(+3!.s3$!*s.%/'/s.!s/%)%(.s+.s0s
(!/0s +),.(!Ws 	*s ,.%*%,(!Xs /%*!s /1&!0%2!s ,.+%(%0%!/s  +s *+0s





%0$s .!#. /s 0+s *!03+.'s )+*%0+.%*#Xs 0$!.!s .!s "%4! s +/0/s * s
!+*+)%!/s+"s/(!s%*s0$!s0!$*%(s/!0s1,s+"ss)+*%0+.%*#s/5/0!)Ws$!/!s
+/0/s (+#%((5s (+3!.s3$!*s/%)%(.s 	s/5/0!)/s$2!s0+s!s)+*%0+.! Ws
+3!2!.Xs 0$!s 10+)0%s  !0!0%+*s +"s *+)(%!/s %*s s )+*%0+.%*#s








*(5/%/s 3%0$s .!(0%2!(5s $%#$s 2.%(!s +/0WICEs /0Xs)101(s 0.1/0s *s











0$!s %""%1(05s)5s.%/!s0$0s%0s%/s/%),(5s+/0(5s* s+),(%0! s0+s/0.0s
s,++(Ws+0s+*(5s +!/s%0s.!-1%.!ss/1""%%!*0s*1)!.s+"s,.0%%,*0/s%*s
+. !.s0+s$2!s*s !-10!s.%/'s/,.! %*#Zs/+)!+*!s*!! /s0+s0'!s0$!s
%*%0%0%2!s0+s/0.0s0$!s,++(Ws$%/s+1( s(! s0+s/1/0*0%(s/0.0q1,s+/0/Ws
	0s 0$!.!"+.!s !%0$!.s .!-1%.!/s +*!s ,.0%%,*0s 3%0$s s ,+0!*0%((5s (.#!s
%*0!.!/0s%*s/0.0%*#ss,++(s+.ss0$%. s,.05s^%*s,.0%!s+"0!*ss.+'!._s
3$+s%*%0%0!/s0$!s,++(Ws	*s+0$s/!/s0$!s1,".+*0s+/0/s"+.s/!00%*#s1,s0$!s
,++(s*s+"s+1./!s!s.!+2!.! s".+)s0$!s,.0%%,*0/Ws!/% !/Xss !#.!!s





5!.s,++(%*#Xs/+s	s/$+3! Xs$/s 2*0#!/s+),.! s0+s%* %2% 1(s








3$!.!s5!.s %*/1.*!s)5s*+0Ws10s .%/'s /$.%*#s(/+s$/s,.0%1(.s






s ,++(%*#s ..*#!)!*0Ws 	s  %/1//s "+1.s ,!./,!0%2!/s "+.s  !0!.)%*%*#s
/1%0(!s5!.s.%/'/s"+.s,++(%*#Ws
s
	#&*>ss"%./0s.%0!.%+*s%/s 0$!s %),0s+"s0$!s.%/'WICFs$!s %),0s+"s 0$!s
.%/'s %/s +"s +1./!s  %.!0(5s .!(0! s 0+s 0$!s !+*+)%s .%0!.%+*s +"s .%/'s
2!./%+*Ws/s	s%* %0! s+2!ss !)* s"+.s.%/'s/$%"0%*#s3%((s)+/0(5s
!)!.#!s"+.s.!(0%2!(5s(.#!s.%/'/Xs%W!Ws0$!s.%/'/s+"s3$%$s0$!s)#*%01 !s
#+!/s !5+* s 0$!s %* %2% 1(s ,%05s+"s +,!.0+./Ws%/'/s 0$0s $2!s s
/)((s ,+0!*0%(s %),0s .!s !/%(5s )*#!(!s 5s %* %2% 1(s
+.#*%60%+*/WICGs s  !)* s "+.s .%/'s /$.%*#s 2%s ,++(%*#s 3%((s +*(5s
!)!.#!s"+.s.%/'/s0$0s$2!ss$%#$!.s)#*%01 !Ws!./+*(s 0s.!$!/s
*s .!/1(0s %*s /%#*%"%*0s +/0/Xs 3$%$s +*/%/0s +"s "+.s %*/0*!s (!#(s




*+0s /1%0(!s "+.s,++(%*#s!%0$!.Xs!1/!s0$!s )#!s+"s*s %* %2% 1(s












$!s!40s!4,!0! s )#!s+"s5!.s.%/'/s%/s+"0!*s$. s0+s !0!.)%*!WICIs
+3!2!.Xs/s %/1//! s%*s!0%+*sJWEWDXs,++(%*#s..*#!)!*0/s.!s)+.!s
"(!4%(!s 0+3. /s1*'*+3*s %/0.%10%+*/Wss3% !(5s1/! s,,.+$s 0+s
 !0!.)%*!s !4s *0!s 3$%$s .%/'/s .!s %*(1 ! s %*s s .%/'s ,++(%*#s
..*#!)!*0s %/s 5s /!00%*#s ,/s * s ! 10%(!/s 0$0s /%((5s /!0s *s
%),0s %*0!.2(s 3$!.!s 0$!s ,++(%*#s ..*#!)!*0s ,,(%!/WICJs%0$s 0$!s
.%#$0s ,s * s  ! 10%(!Xs *s !4s *0!s  !0!.)%*0%+*s +"s 0$!s ,+0!*0%(s
%),0s+"s.%/'/s%/s*+0s*!!//.5s*5)+.!Ws+..!(0! s.%/'/s.!)%*s/ss
.!/% 1(Xs 3$!.!5s )1(0%,(!s +.s !2!*s ((s 0$!s ,.0%%,*0/s %*s s ,++(s
!4,!.%!*!s $%#$s %),0s 0s 0$!s /)!s 0%)!Ws +s )%0%#0!s 0$!s .%/'s +"s
+..!(0! s.%/'/Xs0$!s,s)1/0s!s/1""%%!*0(5s (+3Xs+.s 0$!.!s)1/0s!ss
"+.)s+"s.!%*/1.*!s%*s0$!s/!s+"s/0.+*#s+..!(0%+*s+"s.%/'/Wss
s
/(G#%")>Gs,++(s0$0s1/!/s ! 10%(!/s* s,/s%/s+"0!*s,.0s+"ss
$5.% s)+ !(s3$!.!s ((s 0$.!!s .%/'/s ((+0%+*s /0.101.!/s ^%* %2% 1(s
)*#!)!*0Xs,++(%*#Xs5!.s%*/1.*!_s.!s1/! Wss5!.s.%/'s,++(s%/s
()+/0s(35/ss,.0s+"s)1(0%q(5!.! s,,.+$YG!(+3s0$!s ! 10%(!Xs
0$!s ,.0%%,*0s %* %2% 1((5s )*#!/s %0/s .%/'Ws $%/s )'!/s /!*/!Xs
!1/!s!.(!s.%/'/s/$+1( s*+0s!s/$.! s+.s0.*/"!..! WICKs$!/!s.!s
.%/'/s0$0s.!s0++s/)((s^)%*+.s 0s(+//s"+.s%*/0*!_s^+.s,.0/s+"s%##!.s
.%/'/_WG ! %1)s /%6!s .%/'/s .!s 0$!s .%/'/s /1%0(!s "+.s ,++(%*#Ws $!s
-1!/0%+*s%/s3$0s.!s)! %1)s/%6! s.%/'/s%*s5!.s/!1.%05Xs%*s0!.)/s+"s
 )#!Ws*s%*%0%(s!/0%)0%+*s+1( s"+.s!4),(!s !0!.)%*!s0$!s%*0!.2(s
+"s)! %1)s/%6!s.%/'s!03!!*sUHCCXCCCXs* sUHs)%((%+*Ws*s+1( s0$%*'s
+"s /!2!.!s +s 00'/s +.s /%#*%"%*0s (+//s +"s ,!./+*(s  0Ws $!s














0$!s ,++(Ws ^!_%*/1.*!s *s 0$!*s ,01.!s 0$!s .!/% 1(s .%/'s 1,s 0+s s
!.0%*s (!2!(Ws $1/Xs ^.!_%*/1.*!s %/s s ,+//%(!s /+(10%+*Xs 10s %*s 0$!s
1..!*0s 5!.s %*/1.*!s !*2%.+*)!*0Xs +0$s  ! 10%(!/s * s ,/s
,,!.s 0+s!s.!(0%2!(5s (+3WIDCs$%/s3+1( s0$!*s+*/%/0s+"ss/+s((! s
!4!//s%*/1.*!s3$!.!s0$!s%*/1.*!s+2!.s%/s+*(5s0'!*s"+.s )#!s
+2!s s !.0%*s (!2!(Ws 	*s 0$!s ,.!2%+1/s !4),(!s %0s 3+1( s +*/%/0s +"s
 )#!s +2!s UHs )%((%+*s 1,s 0+s 0$!s (%)%0s +"s 0$!s %*/1.(!s )+1*0Ws
	*/1.!./s1/!s.!(0%2!(5s(+3s,/s* s(+3s ! 10%(!/Xs3$%(!s0$%/s05,!s
+"s,.+ 10s3+1( s.!-1%.!ss$%#$s,s* s^2!.5_s$%#$s ! 10%(!/WG
s
	#&*G %G (G #)+()>G 	0s %/s %),+.0*0s 0+s /01 5s 0$!s !""!0s +"s .!s
)!/1.!/s +*s .%/'s .! 10%+*Ws 	0s %/s  !/%.(!s 0+s ,++(s .%/'/s 0$0s .!s
.!(0%2!(5s %* !,!* !*0s ".+)s0$!s.!s)!/1.!/s+"s 0$!s,.0%%,*0/s %*s
0$!s,++(Ws 	*s /1$ss /%010%+*s 0$!.!s3%((s!s (!//s ".!!s .% %*#s* s)+.(s
$6. s!1/!s0$!.!s%/s(%00(!s+.s*+s.!(0%+*s!03!!*s0$!s0%2%05s(!2!(s
+"s0$!s,.0%%,*0s* s0$!s/%6!s+"s0$!s.%/'Ws!*!Xs%0s%/s !/%.(!s3$!*s
.%/'/s +1.s !4+#!*+1/(5s ^%W!Ws 5!.q00'/s 0$0s .!s .!(0%2!(5s
























+.s (.#!.s #.+1,/Xs 3$!*s /!(!0%*#s !%0$!.s $+)+#!*!+1/s +.s




%*.!/!/s %"s #.+1,s /%6!s %*.!/!/Ws .#!s #.+1,/s .!s !00!.s ,(!s+"s
%*0!.*(%6%*#s!40!.*(%0%!/s!1/!s 0$!5s "+.)ss (.#!.s,.0s+"s /+%!05Ws
+.!+2!.Xs%*s+. !.s0+s.!0!ss/1""%%!*0s !#.!!s+"s.%/'s/,.! %*#Xs0$!.!s
*!! /s0+s!ss.!/+*(!s#.+1,s/%6!Ws$!s(3s+"s(.#!s*1)!./s!+)!/s




5s 0$!s "0s 0$0s 0$!.!s .!s)+.!s 0.*/0%+*s +/0/s %*2+(2! s %*s)101(s
)+*%0+.%*#Ws +*/!-1!*0(5Xs !0!.%/s ,.%1/Xs (.#!.s #.+1,/s 3%((s
!4,!.%!*!s)+.!s)+.(s $6. s * s  2!./!s /!(!0%+*Ws$!s %),0s +"s













*s !""!0%2!s  %2!./%"%0%+*s +"s .%/'s 3+1( s !+)!s ,+//%(!WIDGs 	*s
,.0%!Xs 	s+/!.2! s0$0s!""!0%2!s.%/'s,++(/s$2!s!03!!*sDCs* sFCs
)!)!./Ws+3!2!.Xs0$!s!40s+,0%)1)s !,!* /s+*Xs)+*#/0s+0$!./Xs
0$!s!40s05,!s+"s.%/'Xs0$!s).'!0s* s0$!s!4,!0! s )#!WIDHs
s
/&G%G&(*&$*)>s$!s05,!s+"s,.0%%,*0/s%/s !"%*! s/s0$!s !#.!!s+"s
$+)+#!*!%05s!03!!*s0$!s,.0%%,*0/Xs%*s+0$!.s3+. /Xs0$!s/%)%(.%05s
%*s/%6!s+"s0$!s+.#*%60%+*/Xs	s,.+!//!/Xs1/0+)!./s!0Ws+)+#!*!+1/s
+.#*%60%+*/s$2!s "!3!.s +/0/s %*s)+*%0+.%*#s !$s+0$!.s %*s +. !.s 0+s
2+% s 2!./!s /!(!0%+*s* s)+.(s$6. Ws+.s %*/0*!Xs %"s+,!.0+./s
$2!s 0$!s /)!s /+"03.!s /5/0!)/Xs 0$!*s )101(s )+*%0+.%*#s %/s
/0.%#$0"+.3. Xs 10s (/+s 0$!s .%/'s +"s +..!(0%+*s %/s $%#$!.s * s
+*/!-1!*0(5s .%/'s /,.! %*#s %/s (+3!.Ws 1.0$!.Xs $+)+#!*!%05s %/s s
0(5/0s"+.s'*+3(! #!s %""1/%+*Xs!/,!%((5s%*s5!.s/!1.%05Ws+*/% !.s
s6!.+s 5/s$'s0s+*!s+"s0$!s,.0%%,*0/s%*s0$!s,++(WIDIss6!.+s 5s
0$.!0s %/s *s 1* %/+2!.! s 21(*!.%(%05s 0$0s *s !s !4,(+%0! s 5s *s
00'!.Ws*!s0$!s00's$/s!!*s/1!//"1((5s!4!10! Xs00'!./s3%((s
"1.0$!.s 10%(%6!s 0$!s 6!.+s  5s 5s !4!10%*#s 00'/s 0s /%)%(.s
+.#*%60%+*/Ws$+/!s21(*!.(!s+.#*%60%+*/s.!s(%'!(5s0+s%*(1 !s0$!s
+0$!.s ,.0%%,*0/s %*s s $+)+#!*!+1/s ,++(Ws "0!.s s 3$%(!Xs !%0$!.s s
)!)!.s+"s0$!s,++(s+.ss0$%. s,.05s/1$s/s0$!s/+"03.!s2!* +.s3%((s
 %/+2!.s0$!s6!.+s 5Ws	*s/1$ss/%010%+*s!""!0%2!s'*+3(! #!s/$.%*#s
+10s0$!s+.%#%*/s+"s0$!s00's* s/+(10%+*/s0+s"%4s%0s*s#.!0(5s.! 1!s
+2!.((s )#!s%*s0$!s,++(Ws+0!s0$0s$!.!s0$!s/,!! s+"s0$!s'*+3(! #!s
 %""1/%+*s %/s 0$!s)%*s 2*0#!Ws+.!+2!.Xs /!00%*#s1,ss .%/'s,++(s %/s











s /!s (%*!s  !"!*!s !""+.0s *s !s +/!.2! s )+.!s !/%(5Ws !((s 0$!s
 %""%1(0%!/s %*s /!00%*#s 1,s s .%/'s /$.%*#s /$!)!s "+.s 0$!s  +)%*s +"s
+""/$+.!s+%(s,+((10%+*Ys/%*!s0$!.!s.!s(.#!s %""!.!*!/s!03!!*s0$!s/+q
((! s)&+.s+%(s* s#/s,.+ 1!./s+*s0$!s+*!s$* s* s/)((!.qs* s
)! %1)q/%6!s !*0!.,.%/!/s +*s 0$!s +0$!.Xs %0s %/s  %""%1(0s 0+s .!0!s s .%/'s
/$.%*#s #.!!)!*0s %*s 3$%$s 0$+/!s (.#!(5s  %2!.#%*#s .%/'s 05,!/s *s
&+%*0(5s ,.0%%,0!WIDJs /s 3/s )!*0%+*! s +2!Xs  %""!.!*!/s %*s .%/'s
,.+"%(!s!03!!*s0$!s)!)!./s+"s0$!s,++(s.!s*+0s*!!//.%(5ss,.+(!)s
/s(+*#s/s0$%/s*s!s.!+#*%6! s* s+),.0)!*0(%6! s5s0$!s,++(s
)!)!./Ws	*s0$0s/!s,.%*%,(!/s+"s.%/'s %""!.!*0%0%+*s*s!s,,(%! s
^5s /'%*#s (.#!.s /$.!/s ".+)s 0$!s $%#$!.s .%/'s )!)!./_Ws s
 %""!.!*0%0%+*s+"s0$!s+*0.%10%+*s%*s0$0s/!*/!s,.!%/!(5s+*/0%010!/s*s
 !-10!s .!)! 5s "+.s )+.(s $6. s * s ,.+2% !/s %*!*0%2!/s "+.s




s 0. !q+""s !03!!*s *(%$*/G * G %#%$*/Ws !0!.+#!*!%05s
((+3/s"+.ss!00!.s %/0.%10%+*s+"s5!.s.%/'Xs3$%(!s$+)+#!*!%05s((+3/s





.!(0! s 0+s 0$!s "%**%(s ,%05s+"s 0$!s+,!.0+./_s3%((s /0.+*#(5s""!0s
0$!s !)* s"+.s.%/'s/$%"0%*#s* s$!*!s0$!s3%((%*#*!//s0+s,.0%%,0!s%*s
s,++(Ws$0s,.+(!)s3%((s+2%+1/(5s(/+s,(5s %*s 0$!s/!s+"s /$.%*#s
/!1.%05s.%/'/Wss !)* s"+.s.%/'s/$%"0%*#s*s!s!4,!0! s0+s!s$%#$!.s
3%0$s .!(0%2!(5s /)((s * s )%  (!q/%6!s +,!.0+./s 0$*s 3%0$s (.#!.s













.!0!s /!2!.(s .%/'s ,++(/s 3%0$s  %""!.!*0s 05,!/s +"s ,(5!./Xs !$s
+*/0%010%*#s .!(0%2!(5s $+)+#!*!+1/s #.+1,/Ws $!s +2%+1/s /+(10%+*s
3+1( s0$!*s"+.s!4),(!s!s0+s.!0!s+*!s#.+1,s"+.s/)((qs* s)! %1)q
/%6!s+,!.0+./s* s+*!s"+.s(.#!.s+,!.0+./s^ 0+s0$!s!40!*0s0$0s0$!5s$2!s




.#1(5s3+1( s*!! s0+s+*/%/0s+"s0s(!/0s)! %1)s/%6! s+),*%!/Xs
!1/!s +0$!.3%/!s 0$!s +/0/s +"s /1$s s )+*%0+.%*#s /+(10%+*s 3+1( s
+103!%#$s0$!s!*!"%0/Wss
JWHWF 1(!/s+"s!*0.5s
*!s+"s 0$!s'!5s !0!.)%**0/s+"ss/1!//"1(s.%/'s,++(s %/s%0/s%(%05s 0+s
/1!//"1((5s )+*%0+.s * s /!(!0s %0/s ,.0%%,*0/s .G $*s %*s +. !.s 0+s
.! 1!s  2!./!s /!(!0%+*Ws *s !4s *0!s (!2!(s +"s 5!.s /!1.%05s %/s (/+s
%),+.0*0s0+s %/!*0*#(!s0$!s%),0s+"s0$!s.%/'s".+)s0$!s.!s)!/1.!/s
+"s 0$!s )!)!./s +"s 0$!s ,++(Xs 3$%$s %/Xs /s 	s .#1! s %*s !0%+*s JWHWDXs
,.!"!.(!s %*s +. !.s 0+s .! 1!s ".!!q.% %*#Ws 	"s ((s )!)!./s $2!s *s
 !-10!s !4s *0!s (!2!(s +"s /!1.%05Xs 00'/s 0$0s 0'!s ,(!s *s










+*/% !.s0$!s!4),(!s+"s.*/+)3.!Ws*/+)3.!s%/s3% !(5s1/! s5s
5!..%)%*(/Ws +3!2!.Xs *s +.#*%60%+*s +1( s #.!0(5s .! 1!s 0$!s
.%/'s+"s.*/+)3.!s5s%),(!)!*0%*#s0$!s.%#$0s^/%),(!_s.!s)!/1.!/s
!4s*0!WIDLs 	*s 0$!s/!s+"ss 5!.s .%/'s,++(Xs %0s *s!s %""%1(0s+.s 0%)!s
+*/1)%*#s 0+s !0!.)%*!s 0$!s (!2!(s+"s 5!.s /!1.%05s !4s *0!Wss 0$%. s
,.05Xs /1$s/ss /!1.%05s "%.)Xs *s+&!0%2!(5s !0!.)%*!s0$!s (!2!(s+"s
/!1.%05s !4s *0!s 5s,!."+.)%*#s s*!03+.'s //!//)!*0s * s %//1%*#s s
!.0%"%0%+*Ws"0!*s0$!/!s!.0%"%0%+*/s5s,.%20!s!.0%"%!./s3%((s!s1/! s
/s ,.++"s +"s +),(%*!s 3%0$s ,.0%1(.s /!1.%05s .1(!/Ws *!s /$+1( s
$+3!2!.s!.s%*s)%* s0$0s0$!/!s!.0%"%0%+*s,.+!//!/s.!s(/+s/1&!0s
0+s ,.+(!)/s .!(0! s 0+s %*"+.)0%+*s /5))!0.5s * s )+.(s $6. Ws
*+0$!.s+,0%+*s %/s0+s//1)!s*s!4s*0!s/!1.%05s (!2!(s* s0+s/!0s 0$%/s
(!2!(s/ss,.!+* %0%+*s"+.s,5q+10s!4s,+/0Ws 	*ss5!.s.%/'s,++(Xs+*!s
+1( s .!-1%.!s *s !40!*/%2!s (+##%*#s 0$0s ((+3/s "+.s 0.%*#s 's 0$!s
+.%#%*/s+"s0$!s5!.s00's* s0$!s+.#*%60%+*e/s(!2!(s+"s5!.s/!1.%05s
!"+.!s 0$!s 00's +1..! Ws +.!+2!.Xs #+2!.*)!*0s +.s ,.%20!s
.!#1(0%+*s *s (/+s //%/0s %*s !0!.)%*%*#s 0$!s .!-1%.! s (!2!(s +"s 5!.s
/!1.%05WIECs,.0s ".+)s0$0Xs/!2!.(s !/%#*s+,0%+*/s.!s,+//%(!s3%0$s
.!#. /s0+s0$!s !%/%+*s)'%*#s+*s0$!s!*0.5s+"s*!3s,.0%%,*0/Ws	*s0$!s
/%010%+*s +"s 0$!s .++ "+* /Xs 0$!s )!)!./s +"s 0$!s ,++(s )1/0s #.!!s
1**%)+1/(5s0+s%*(1 !ss*!3s,.0%%,*0s%*s0$!s,++(Ws	*s0$%/s.!/,!0s














 !0!.)%*! s !4s *0!Ws +3!2!.Xs %0s %/s /0%((s *!!//.5s 0+s  !0!.)%*!s 0$!s




/%010%+*/s3$!.!s0$!s.%/'s+"s%* %2% 1(s,.0%%,*0/s %""!./Xs^s)%4s+"_s
+0$!.s)!0.%/s*s!s1/! s/s,.+45s0+s !0!.)%*!s0$!s+*0.%10%+*Xs/1$s
/s* 3% 0$Xs01.*+2!.s* s0$!s2!.#!s*1)!.s+"s+**!0! s !2%!/s
+.s 0s.!+. /Ws	*s/1$ss/%010%+*Xs0$!.!s%/ss.%/'s0$0s(.#!.s,(5!./s +s
*+0s3*0s 0+s,.0%%,0!s %*s0$!s,++(s!1/!s/)((!.s,(5!./s ".!!q.% !Xs
!/,!%((5s3$!*s0$!s %""!.!*!s!03!!*s(.#!s* s/)((s%/s/1/0*0%(Ws
	*s+. !.s0+s$2!s+,0%)(s%*!*0%2!/s"+.s,.!2!*0%+*s%0s)5s!s(!.s0$0s
0$!s+*0.%10%+*s/$+1( s%*s,.%*%,(!s!s.%/'q.!(0! Ws++ s.%/'/s/$+1( s
0$!.!"+.!s +*0.%10!s (!//s 0$*s  s .%/'/Ws $%/s .%/'s  %""!.!*0%0%+*Xs /s
.!"(!0! s %*s 0$!s "%**%(s +*0.%10%+*Xs 3%((s ,.+2% !s %*!*0%2!/s "+.s
,.!2!*0%+*Ws $!s .!2!./!s 3+1( s !s 0$!s /!s %*s 0$!s /!*!s +"s .%/'s
 %""!.!*0%0%+*Ws$0s3+1( s$,,!*s%"ss"(0s"!!s+*0.%10%+*s3+1( s!s
$.#! Ws 1$s s "(0s "!!s 3+1( s %*2%0!s ".!!q.% %*#s /s %0s 3+1( s *+0s
,.+2% !s*5s.!3. /s"+.s%*2!/0%*#s%*s  %0%+*(s/"!05s)!/1.!/Ws+/0s
!4%/0%*#s .%/'s /$.%*#s #.!!)!*0/s ^(%'!s 0$!s (.! 5s )!*0%+*! s V	s
(1/_s3+1( s0$!.!"+.!s+*s0$!s+*!s$* s%),+/!s)%*%)1)s/"!05s.1(!/s
* s+*s0$!s+0$!.s$* s %""!.!*0%0!s"%**%(s+*0.%10%+*/s+. %*#s
0+s.%/'Ws	*s+. !.s0+s,.+2% !s !-10!s%*!*0%2!/s"+.s,.!2!*0%+*s0$!s(00!.s
/$+1( s(/+s!s0$!s/!s"+.s5!.s/!1.%05s.%/'/Ws%*%)1)s!4s*0!s/"!05s
.1(!/s +1( s "+.s %*/0*!s !s  !0!.)%*! s 0$.+1#$s 0$!s 	*0!.*0%+*(s











/$G .G $*>G5s ,5%*#s s ,.!)%1)s !4s *0!s ((s ,.0%%,*0/s ,5s s





0'!ss !%/%+*s d!$%* s 0$!s2!%(s+"s %#*+.*!eWs 	0s 2+% /s 0$!s,.+(!)s
0$0s0$!s)!)!./s0+s3$+)s0$!s.%/'s % s*+0s+1.s3+1( s!4s,+/0Xs3%0$s
$%* /%#$0s %/s $2!s s .! 1! s 3%((%*#*!//s 0+s +*0.%10!Ws $!s





/5/0!)s %/s 0$0s )!)!./s '!!,s 0$!s +,0%)(s (%-1% %05s * s 0$!.!s %/s *+s




 )#!s "+.s +""/$+.!s +%(s * s #/s %*/0((0%+*/Xs .!"!..! s 0+s /s 0$!s
""/$+.!s +((10%+*s %%(%05s #.!!)!*0s ^_Ws s #1.*0!!/s
0$0s /,!%"%s "1* /s 3%((s !s ) !s 2%((!s 0+s )!!0s 0$!s (%)/s /%*!s

















0$!s1)1(0! s"1* /Ws	*s/1$ss/%010%+*ss$5.% s+*/0.10%+*s%/s(/+s
,+//%(!Xs s +)%*0%+*s +"s ,.!,% s ,.!)%1)s * s .!0.+0%2!s
 %2% !* WIEGs 	*s ,.0%!s )*5s !4%/0%*#s .%/'s /$.%*#s #.!!)!*0/s 1/!s
/1$ss$5.% s)+ !(Ws+.s!4),(!s0$!sV	s(1/s %/1//! s+2!s3%((s
%*s,.%*%,(!s !)* s*s1,".+*0s,5)!*0s".+)s0$!%.s)!)!./Ws$!*ss
d#++ es5!.s+1..! s^3%0$+10s(+//!/_s0$!s(1s+1( s !% !s*+0s0+s/'s
s+*0.%10%+*s"+.s0$!s*!40s5!.Ws	*s/!ssd es5!.s$,,!*! s^3%0$s
.!(0%2!(5s(.#!s%*% !*0/_s*s  %0%+*(s((s+*s0$!s)!)!./s+1( s!s
) !WIEHs
JWIW +*(1 %*#s!).'/s
	*s0$%/s$,0!.s	s*(5/! s0$!s,+0!*0%(s* s+* %0%+*/s"+.s1/%*#s.%/'s
,++(%*#s/ss0++(s0+s !(s3%0$s5!.s/!1.%05s.%/'Ws%/'s,++(%*#s$/s+"0!*s
!)!.#! s/s*s(0!.*0%2!Xs)+/0(5s 0+s %*/1.*!Xs !/,!%((5s "+.s*!3(5s
!)!.#%*#s .%/'/Ws%0$s*!3(5s!)!.#%*#s .%/'/s /00%/0%(s %*"+.)0%+*s0+s
((+3s*s1.0!s,.%%*#s+"s0$!s.%/'s%/s+"0!*s*+0s2%((!s* s%*/1.!.s
)%#1%05s)5s(! s0+s$%#$s.%/'s,.!)%1)/s/ss.!/1(0s+"s3$%$s0$!.!s
)5s!s*+s/1""%%!*0s !)* Ws$!s/%s% !s3%0$s.%/'s,++(%*#s%/s0$0s
3%0$s,.0%1(.s.%/'/s+,!.0+./s)5s$2!s!00!.s%*"+.)0%+*s+*s0$!s.%/'s
!4,+/1.!s* s0$!s !/%.(!s)!/1.!/s0+s,.!2!*0s0$!s.%/'s0$*s%*/1.!./Ws
$!*s 0$%/s %/s 0$!s /!s s ,++(s *s (! s 0+s )101(s )+*%0+.%*#Xs 0$1/s
















0+s ,.! %0Ws 5!.s .%/'s %/s $.0!.%6! s 5s /0.+*#s %*"+.)0%+*s
 !"%%!*%!/Xs /1$s /s %*"+.)0%+*s 1*2%(%(%05Xs 0!),+.(%05Xs
/5))!0.5s* s%*+..!0*!//s0$0s$),!.s0$!s+&!0%2!s !0!.)%*0%+*s
+"s !4,!0! s 2(1!s "+.s "101.!s 5!.s %*% !*0/WIEIs $!.!/s %*/1.*!s
(35/s .!-1%.!/s 0$!s !0!.)%*0%+*s+"s s,.!)%1)s!4s *0!Xs ,++(%*#s %/s




#0$!.! s5s+,!.0+./s 0+s %""!.!*0%0!s 0$!s .!(0%2!s .%/'s!4,+/1.!s* s
+*0.%10%+*s +"s 0$!s 2.%+1/s ,.0%%,*0/Xs 0$!s 0. %0%+*(s ,.+(!)/s +"s
 2!./!s /!(!0%+*s* s)+.(s$6. s ^3$%$s*s!-1((5s 0$.!0!*s 0$!s
!)!.#!*!s +"s .%/'s ,++(%*#_s *s !s .!)! %! Ws 	s (/+s *+0%! s 0$0s 0$!s
)&+.s  2*0#!s +"s 5!.s .%/'s ,++(%*#s 3+1( s *+0s /+s )1$s !s






!"!..%*#s 0+s+0$!.s!4),(!/s3$!.!s .%/'s,++(/s3!.!s.!0! Xs10s(/+s
3$!.!s.%/'s,++(/s"%(! Xs	s,+%*0! s0s0$!s%),+.0*!s+"ss.!"1(s !/%#*s
+"s s 5!.s .%/'s,++(Ws +s 0$!s !/0s +"s)5s'*+3(! #!s 0+ 5s 5!.s .%/'s







(.#!s %*0!.!/0s)+*#s+,!.0+./s 0+s.!0!s 0$+/!s,++(/Xs*+0s/+s)1$s/s
0++(/s"+.s!4s,+/0s+),!*/0%+*Xs10s!/,!%((5s/s0++(/s"+.s%*"+.)0%+*s
!4$*#!Xs (! %*#s 0+s !4s *0!s .! 10%+*s +"s 5!.s /!1.%05s .%/'/Ws $!s
!)!.#!*!s+"ss.%/'s,++(Xs$+3!2!.Xs.!-1%.!/ss+..!0s1* !./0* %*#s
)+*#s +,!.0+./s +"s 0$!s 5!.s /!1.%05s .%/'s * s /+)!s  !#.!!s +"s
/%)%(.%05s ^,!.$,/s !2!*s $+)+#!*!%05_s %*s +. !.s 0+s "%(%00!s 0$!s .%/'s
,++(%*#Ws 	0s !-1((5s .!-1%.!/s*s0%2!s!*0.!,.!*!1.s ^(%'!ss.+'!._s 0+s
%*%0%0!s 0$!s ,++(Ws +.!+2!.Xs .%/'s ,++(%*#s 3+1( s *!2!.s !s 0$!s +*(5s
%*/0.1)!*0s0+s !(s3%0$s5!.s/!1.%05Xs*!%0$!.s/s".s/s,.!2!*0%+*Xs*+.s
/s".s/s+),!*/0%+*s%/s+*!.*! Ws%0$s.!/,!0s0+s+),!*/0%+*Xss
,++(s3+1( s,.+(5s %*(1 !ss (.#!s ! 10%(!s/ss.!/1(0s+"s3$%$s
+,!.0+./s3+1( s/0%((s%* %2% 1((5s)*#!s.%/'/s!(+3s0$!s ! 10%(!Ws
1$ss ! 10%(!s(/+s.! 1!/s)+.(s$6. Ws+.!+2!.Xs,++(/s1/1((5s
%*(1 !s %),+.0*0s (%)%0/Zs 0$!s2!.5s$%#$s ^0/0.+,$%_s .%/'/s.!s+"0!*s
$! #! s0+s^.!_%*/1.!./Ws	0s%/s0$!.!"+.!s(%'!(5s0$0s%*s0$!s"101.!s5!.s.%/'s




,(5s *s %),+.0*0s .+(!s %*s 5!.s /!1.%05s * s 0+s /$+3s 0$!s /,!%"%s
+* %0%+*/s* s !/%#*s%//1!/s0$0s3+1( s$2!s0+s!s0'!*s%*0+s+1*0s
%*s !2!(+,%*#s5!.s.%/'s,++(%*#Ws"s+1./!Xs0$!s/,!%"%s*01.!s+"s0$!s
5!.s/!1.%05s.%/'Xs/s3!((s/s0$!s %""!.!*0s 05,!/s+"s5!.s.%/'/Xs +!/s


















































2!.s0$!s(/0s ! !s*s%*.!/%*#s)+1*0s+"s5!.s00'/s0$.!0!*! s
0$!s"1*0%+*%*#s+"s0$!s#(+(s!+*+)5Ws/0%)0%+*/s+"s/+%!0(s )#!s
!/%(5s/1.,//s0!*/s+"s%((%+*/s+"s!1.+/Ws$!s*01.!s+"s5!.s.%/'s$*#!/s
0s *s %*.!/%*#s .0!s * s +.#*%60%+*/s )1/0s '!!,s 1,Ws $!s ECDJs





/!1.%05s +),*%!/s (%)%*#s 0$0s 0$!s  %#%0(s ,+(5,/!s %/s




00%*s +,0%)(s 5!.s /!1.%05Xs 0$%/s /01 5s  2+0!/s 0$0s %*"+.)0%+*s
.!(0! s 0+s 0$!s *01.!s +"s 5!.s .%/'s * s 0$!s .!01.*s +*s %*2!/0)!*0s +"s
)!/1.!/s0+s.! 1!s%0s*!! /s0+s!s/$.! s)+*#s.!(!2*0s0+./Xs3$%(!s
0'%*#s %*0+s +*/% !.0%+*s 0$!s +/0/s +"s  +%*#s /+Ws 1..!*0(5Xs 0$!.!s %/s
%*/1""%%!*0s%*"+.)0%+*s %""1/%+*s%*s5!.s/!1.%05Xs !/,%0!s!""+.0/s/1$s
/s 	/Xs/Xs$%!"s 	*"+.)0%+*s !1.%05s""%!.s ^	_s 0('%*#s
/$+,/s* s+0$!.s2!*1!/s"+.s++,!.0%+*s* s'*+3(! #!s/$.%*#WIEJss
s
$%/s ,.+(!)s %/s 1/! s 5s 0$!s /0.+*#s ,1(%s #++ s $.0!.%/0%/s +"s
%*"+.)0%+*s %""1/%+*Zs0$!s,.05s0$0s %""1/!/s%*"+.)0%+*s.!!%2!/s(%00(!s













5!.s /!1.%05s %*"+.)0%+*s  %""1/%+*s !03!!*s +.#*%60%+*/s "+.s
1*%2!./%05Xs#+2!.*)!*0s* s%* 1/0.5Xs/s%0/s.!/!.$s-1!/0%+*s.!"(!0/Ys
s




(%/0! s!(+3Ws$!/!s'!5s"0+./s.!s0$!s1%( %*#s(+'/s+"s0$!s/01 5e/s
/0+.5(%*!s* s0+#!0$!.s(! s0+s0$!s"+.)1(0%+*s+"s0$%/s/01 5e/s0$.!!s+.!s
)%0%+*/Ws $%/s "%*(s $,0!.s .!$!/s 's 0+s 0$!/!s )%0%+*/Xs
/5*0$!/%6!/s0$!s"%* %*#/s* s,.+2% !/s+*(1 %*#s.!).'/Wss
G
&*#"G )+(*/>s $0s /$+1( s !s 0$!s #+(s +"s %*2!/0%*#s %*s 5!.s
/!1.%05\s 0$!.s 0$*s "+1//%*#s +*s ,!."!0s /!1.%05Xs 0$!s /01 5s




%*2!/0)!*0/s !-1(s 0$!s ).#%*(s /+%(s !*!"%0/s +"s .! 1! s 5!.s
%*/!1.%05Ws +*/!-1!*0(5Xs +.#*%60%+*/s *!! s 0+s $2!s /1""%%!*0s




!""%%!*0s 5!.s /!1.%05s %*2!/0)!*0s /0.0!#5Ws 5!.s .%/'s %/s +..!(0! s
* s*s%*% !*0s*s,+0!*0%((5s1/!s/ !s!""!0/s0s+0$!.s,.0%!/Ws














"1.0$!.Ws .'!0s "%(1.!/s (! s 0+s 1* !.%*2!/0)!*0s %*s 5!.s /!1.%05s
.!(0%2!s0+s0$!s/+%((5s!""%%!*0s(!2!(Ws"s((s0$!s).'!0s"%(1.!/s,.!/!*0s
%*s5!.s/!1.%05Xs0$!s/01 5s"+1/!/s+*s.! 1%*#s0$!s%*"+.)0%+*s !"%%0Ws
%0$%*s 0$!s %*"+.)0%+*s  !"%%0Xs 0$!s /01 5s  %/0%*#1%/$!/s %*"+.)0%+*s
1*2%(%(%05Xs %*+..!0*!//Xs /5))!0.5s * s 0!),+.(%05WIEKs $!s
%*"+.)0%+*s !"%%0s %/s +*!s+"s 0$!s)+/0s 0!*%+1/s).'!0s "%(1.!/s * s






+"s 0$!s %*"+.)0%+*s !"%%0s %/s 0$!s/0%)1(0%+*s+"s %*"+.)0%+*s %""1/%+*Zs
0$!s +*0%*1+1/s %.1(0%+*s +"s 5!.s /!1.%05s %*"+.)0%+*s )+*#s
.!(!2*0s 0+./Ws 	*"+.)0%+*s  %""1/%+*s $/s /!2!.(s !*!"%0/Ws %./0Xs
%*.!/! s%*"+.)0%+*s %""1/%+*s(! /s0+s%*.!/! s!""%%!*5s%*s5!.s
/!1.%05s %*2!/0)!*0/Xs !1/!s +.#*%60%+*/s *s 10%(%6!s %*"+.)0%+*s
".+)s+0$!.s+.#*%60%+*/s* s +s*+0s$2!s 0+s d.!%*2!*0s 0$!s3$!!(eWIELs

















 %""1/%+*s.! 1!/s0.*/0%+*s+/0/Xs0$%/s+1( s(! s0+ss.! 10%+*s+"s0$!s
!40!.*(%05s ,.+(!)WIFCs *"+.01*0!(5Xs 0$!.!s 3%((s !s /1+,0%)(s
/,+*0*!+1/s  %""1/%+*s +"s %*"+.)0%+*s %*s 0$!s /!*!s +"s   %0%+*(s
%*!*0%2!/Ws 	*"+.)0%+*s  %""1/%+*s $/s /0.+*#s ,1(%s #++ s
$.0!.%/0%/Xs 3$%$s )!*/s 0$0s 0$!s 0+.s 0$0s  %""1/!/s 0$!s
%*"+.)0%+*s3%((s*+0s+.s(%)%0! (5s!*!"%0s".+)s%0Ws
G
G *(&"G ".>G $!s "0+./s +2!s qs 0$!s /5/0!)%s 5!.s .%/'Xs ).'!0s
"%(1.!/s * s 0$!s ('s +"s /,+*0*!+1/s %*"+.)0%+*s  %""1/%+*s qs
$.0!.%/!s 0$!s +),(!4%05s +"s 0$!s 5!.s /!1.%05s 0$!0.!Ws .#+Xs ((s
/+%!0(s "+.!/s)1/0s !s)+%(%6! s 0+s %*.!/!s %*"+.)0%+*s  %""1/%+*Ws
$!s0$.!!s/+%!0(s"+.!/s%*s0$!s5!.s/!1.%05s0$!0.!s.!s&+%*! s%*s0$!s
/+q((! s d1*%2!./%05q#+2!.*)!*0q%* 1/0.5s 0.%,(!s $!(%4eWIFDs $!5s !$s
$2!s %""!.!*0s.+(!/Xs.!/,+*/%%(%0%!/s* s0++(/Ws$!s !,(+5)!*0s+"s0$!s
.!/,!0%2!s 0++(/s +"s 0$!/!s 0$.!!s ,.0%!/s ^+)%*! s 3%0$s 0$!%.s )101(s
++,!.0%+*_s3%((s5%!( s0$!s)+/0s".1%0"1(s.!/1(0/Ws$!s0$.!!s/1/0*0%2!s
,.0/s +"s 0$!s /01 5s ((s "+1/s +*s 0$!s .+(!s +"s +*!s ,.05s %*s /0%)1(0%*#s





.!(0%+*/$%,/s%*%0%0! s%*s0$!sDLLC/s5s06'+3%06s^DLLF_s* s06'+3%06s* s
!5 !/ +.""s^DLLH_Xs!*+),//%*#s!(!)!*0/s+"s,.!1./+.s3+.'/s5s+3!s^DLKE_s
* s70+s* s'!*6%s^DLKE_Xs%*0!.,.!0/s0$!s/$%"0s".+)ss +)%*0%*#s%* 1/0.5q
#+2!.*)!*0s 5 s%*s0$!s	* 1/0.%(s+%!05s0+ss#.+3%*#s0.% %s.!(0%+*/$%,s
!03!!*s1*%2!./%05q%* 1/0.5q#+2!.*)!*0s%*s0$!s*+3(! #!s+%!05Wgs.+)s
0*"+. s^ECDJ_s
O$00,/Yoo0.%,(!$!(%4W/0*"+. W! 1oF$!(%4j+*!,0Ps^!//! sFCs.$sECDK_Ws!!s







(/+s 0$!s #+2!.*)!*0s * s %* 1/0.5s ,.0%!/s .!s *(5/! s 0$.+1#$s 0$!s
(!*/!/s+"s0$!s1*%2!./%05s,.05Ws
G
"G $)*(+#$*)>G 3+s (!#(s %*/0.1)!*0/Xs !%*#s .!#1(0%+*s * s
+*0.0Xs,(5ss'!5s.+(!s%*s((s0$.!!s,.0/s+"s0$!s/01 5Xs/s0$!5s,.+2% !s
0$!s*!!//.5s  %0%+*(s%*!*0%2!/s"+.s%*"+.)0%+*s %""1/%+*Ws	*s.0s	Xs
+*s0$!s.+(!s+"s1*%2!./%05s %*s/0%)1(0%*#s %*"+.)0%+*s %""1/%+*Xs 	s$2!s
 %""1/! s %*"+.)0%+*s %+*s s (!#(s %*/0.1)!*0Ws $%/s,.0s !/.%! s s
,.+&!0s %*s3$%$ss %*s5!.s /!1.%05s3/s+ ! s* s1*(+'! s "+.s
"1.0$!.s +),.0%2!s * s /00%/0%(s *(5/%/Ws!*!Xs 	s ,!."+.)! s 0$!s
%*"+.)0%+*s  %""1/%+*s )5/!("Xs /s *s !4),(!s +"s 0$!s ,+0!*0%(s
+*0.%10%+*s +"s 0$%/s /+%!0(s 0+.s ^/%*!s 	s )s ,.0s +"s 0$!s 1*%2!./%05s
$!(%4_Ws .0s 		s * s 			s $2!s s  %""!.!*0s ,+%*0s +"s .!"!.!*!Ws !.!Xs 	s
*(5/! s0$!s^,+0!*0%(_s)!*/s#+2!.*)!*0s* s%* 1/0.5s)5s!),(+5s
0+s/0%)1(0!s%*"+.)0%+*s %""1/%+*Xs*)!(5s0$!ss* s03+s05,!/s+"s
.%/'s/$%"0%*#s#.!!)!*0/s^5!.s.%/'s%*/1.*!s* s5!.s.%/'s,++(%*#_Ws
.0s 		s * s 			s /.10%*%6! s 3$!0$!.s 0$+/!s (!#(s %*/0.1)!*0/Xs 3$!*s
,!."+.)! s5s#+2!.*)!*0s * s %* 1/0.5s .!/,!0%2!(5Xs .!s ,(!s+"s










(%0!.01.!s/s!4,.!//! s%*s0$!s"%./0s)%0%+*s+"s 0$!s/01 5Ws(/+Xs 	s3%((s
%((1)%*0!s2!*1!/s"+.s"101.!s.!/!.$s3%0$%*s0$!/!s/,!%"%s"%!( /Ws$!s







 %""!.!*0s,.0/s+"s/+%!05s*s!s10%(%6! Ws+*!0$!(!//Xs0$!s/01 %!/es !!,s
 %2!/s /$+3s 0$0s 0$!s /,!%"%s 0++(/s +"s 1*%2!./%05Xs #+2!.*)!*0s * s
%* 1/0.5s *s !s  !,(+5! s )1$s .+ !.Ws $!s /01 5s ..%2!/s 0s 0$!s
 %/1//%+*s .!#. %*#s 0$%/s .+ !.s  !,(+5)!*0s3$!*s "1("%((%*#s %*s %0/s
/!+* s)%0%+*Wss
s
&"-"('N 6Cs .+,+/%*#s *s #!* s +*!.*%*#s 0$!s /0%)1(0%+*s +"s




 %""1/%+*s %*s 5!.s /!1.%05s/! s+*s0$!s .+(!/s* s .!/,+*/%%(%0%!/s+"s
1*%2!./%05Xs#+2!.*)!*0s* s%* 1/0.5Wss*!!//.5s+* %0%+*sqs+.s!2!*s
*!!//.5s "+1* 0%+*s qs "+.s .!$%*#s 0$!s "%./0s 03+s )%0%+*/s %/s 0$!s
,.+,!.s,,(%0%+*s+"s(3s* s!+*+)%/s0+s0$!s"%!( s+"s5!.s/!1.%05Ws
$%/s$/s 0$!s+*/!-1!*!s0$0s 0$!s"%!( s+"s "-G$G%$%#)s)1/0s!s
(%*'! s 0+s 0$!s "%!( s +"s %$%#)G %G /(G )+(*/Ws $!.!s .!s /0.+*#s
+,,+.01*%0%!/s"+.s)101(s(!.*%*#s!03!!*s0$!/!s03+s"%!( /Ws$+(./s
+"s0$!s!+*+)%/s+"s5!.s/!1.%05s*s(!.*s".+)s0$!s,,(%0%+*s+"s(3s




/1$s /s 0$.!0/Xs 21(*!.%(%05Xs %),0s * s /0.0!#%!/s 0+s .! 1!s 0$!/!Ws
$!s!+*+)%/s+"s5!.s/!1.%05s(/+s,.+2% !/s%*/%#$0s%*0+s0$!s/,!%"%s
)%.+!+*+)%s,!1(%.%0%!/s+"s 0$!s/5/0!)%s5!.s/!1.%05s.%/'Xs/1$s
/s ".s .!$%*#s !40!.*(%0%!/Xs 2.%+1/s 05,!/s +"s /01+.*s %*"+.)0%+*s









1..!*0(5Xs0$!s"%!( /s.!s$. (5s(%*'! s0s((Ws$,0!.sDs.!2!(! s0$0s
)101(s.!"!.!*%*#s0+s+0$s %/%,(%*!/s%/s(%)%0! s0+s+*s2!.#!sFqGMs+"s
0+0(s.!"!.!*!/Ws$%/s%/ss(+3s*1)!.Xs!1/!s3%0$%*s!$s %/%,(%*!Xs
+*(5s 0$+/!s /1&!0/s (.! 5s (.#!(5s +2!.(,,%*#s 3%0$s 0$!s +0$!.s
 %/%,(%*!s.!s %/1//! s^$!*!Xs!%0$!.s(!#(s+.s5!.s/!1.%05_Ws%0$+10s
s +10Xs0$!s%*0!./!0%+*s+"s(3s* s!+*+)%/s* s!+*+)%/s+"s5!.s
/!1.%05s %/s "!.0%(!s #.+1* s "+.s +*0.%10%*#s 0+s +,0%)(s 5!.s /!1.%05Ws
$!*s (!#(s %*/0.1)!*0/s .!s !*0!.%*#s 0$!s 5!.s /!1.%05s 0$!0.!Xs
/$+(./s +"s (3s * s !+*+)%/s * s 0$!s !+*+)%/s +"s 5!.s /!1.%05s
/$+1( s3+.'s0+#!0$!.s%*s+. !.s0+s)'!s/1.!s0$!5s+*0.%10!s0+s/+%(s
3!(".!s+.s0s(!/0s/$+3s3$0s0$!s/+%(s3!(".!s%),(%0%+*/s+"s0$!/!s
$+%!/s.!Ws%0$%*s 0$!s+*0!40s+"s 0$!s /0+.5(%*!s+"s 0$!s /01 5Xs 0$!s (3s
* s !+*+)%/s +"s 5!.s /!1.%05s /$+1( s  !/%#*s * s *(5/!s (!#(s







!0%+*sKWFs %/1//!/s 0$!s*!!//%05s+"s* s..%!./s 0+s +**!0%*#s (3s
* s !+*+)%/s 3%0$s 0$!s !+*+)%/s +"s 5!.s /!1.%05Ws 	s 3%((s #%2!s
.!+))!* 0%+*/s 0$0s 3%((s "1.0$!.s  !2!(+,s 0$%/s ,.+,+/! s "-G $G
%$%#)s+"s/(G)+(*/Ws%*((5Xs	s3%((s!* s0$%/s$,0!.s* s/01 5s%*s
/!0%+*sKWGs3%0$ss"!3s(+/%*#s.!).'/Wss
KWDW $!s$.!!s.0/s+"s0$!s01 5ss
$%/s/!0%+*s3%((s,.+2% !ss+*%/!s/1)).5s+"s 0$!s/01 5Ws$!s0$.!!s







5!.s /!1.%05Ws 	*s +%*#s/+Xs 	s3%((s (/+s %((1)%*0!s2!*1!/s "+.s "101.!s
.!/!.$Wss
KWDWD .0s	s
.0s 	s !)+ %! s 0$!s .+(!s +"s 1*%2!./%05s %*s /0%)1(0%*#s %*"+.)0%+*s
 %""1/%+*s %*s5!.s/!1.%05Ws$!s1*%-1!s%(%05s+"s1*%2!./%05s %/s0$0s %0s
*s,,(5s/%!*0%"%s)!0$+ +(+#%!/s%*s"1((s%* !,!* !*!Ws$!s !)%s
,,.+$s((+3/s"+.s1%( %*#s)!0.%/s+10s(!#(s%*/0.1)!*0/s0$0s3%((s
!2!*01((5s .!/1(0s %*s (+*#%01 %*(s  0s +*s 0$!s  !2!(+,)!*0s +"s
(!#%/(0%+*WIFEs $!/!s )!0.%/s "+/0!.s 0$!s %* !,!* !*0s * s  !)%s
/.10%*5s+"s0$!s%),0s+"s(!#(s%*/0.1)!*0/Ws!*!Xs$,0!.sFs%*s.0s	s
 %""1/! s %*"+.)0%+*s %+*s 0$!s (3Ws 	s 1/! s 0$!s (3s * s !+*+)%/s
)!0$+ +(+#5s +"s s 0+s +),.!s JDs *0%+*(s /s 0$0s 3!.!s
,,(%(!s %*sECDGWs0s,.+0!0%+*s%/s+*!s+"s 0$!s)+/0s %),+.0*0s* s
3% !/,.! s (!#(s %*/0.1)!*0/s %*s 0$!s #+2!.**!s +"s 5!.s /!1.%05Ws
$.+1#$s0$%/s)!0$+ +(+#5Xs.0s	s,.+2% ! ss+ ! s+2!.2%!3s.+//s
+1*0.%!/s+"s0$!ss* s%0/s$.0!.%/0%/s/! s+*ss(!#(s+2!.2%!3s




0$0s +*(5s Hs +10s +"s JDs /s $2!s ,!*(0%!/s "+.s *+*q+),(%*!s 0$0s
!4!! sDs)%((%+*s!1.+Ws(/+Xs%0s.!2!(! s0$0Xs+),.! s0+s0$!s*%0! s
00!/s^_Xs"!3s+1*0.%!/s^EDs+10s+"sJD_s$2!s/Ws1.0$!.)+.!Xs0$!s
.!/!.$s0.*/"+.)! s0$!s+ ! s$.0!.%/0%/s %*0+s*s %* !4Ws%0$%*s












%*s0$%/s%* !4Ws!*!Xs0$!.!s*s!ss(.#!s %""!.!*!s%*s0$!s !s&1.!s0!40s





 %""1/!s * s 1*(+'s %*"+.)0%+*s +10s 0$!/!s (3/Ws (/+Xs .0s 	s
+*0.%10!/s 0+s 0$!s!+*+)%/s+"s 5!.s /!1.%05s (%0!.01.!Xs /%*!s.0s 	s
1*(+'/s0$!sd !s&1.!es0!40s+"s/s"+.s"1.0$!.s/00%/0%(s*(5/%/Wss
s
101.!s .!/!.$s/$+1( s1, 0!s* s!40!* s 0$!s$.0!.%/0%/s3%0$%*s
0$!sWs!.(5s1, 0%*#s 0$!s + ! ss3%((s .!/1(0s %*s (+*#%01 %*(s
 0s 3%0$s %*"+.)0%+*s +10s 0$!s (3/s +"s 2.%+1/s &1.%/ %0%+*/s +2!.s
0%)!Ws 	*s #!*!.(Xs s *s !s !40!* ! s 0+s s 3% !.s *1)!.s +"s (!#(s











IFGs$!s.! !.s3%((s)5!s*+0!s0$0s.0s	s/01 %! s*0%+*(s(!#%/(0%+*Xs3$%$s%/s(/+s
 +,0! s5s#+2!.*)!*0Ws+3!2!.Xs0$!s.%0!.%+*s"+.s.!'%*#s +3*s+"s0$!s0$.!!s
,.0/s%*s0$!s/01 5s%/s0$!s.+(!s+"s!$s+"s0$!s0$.!!s,.0%!/s%*s/0%)1(0%*#s%*"+.)0%+*s









+"s (!#%/(0%2!s %*%0%0%2!Ws$!s (3s* s!+*+)%/s+"s5!.s/!1.%05s*s
/.10%*%6!s3$!0$!.s0$!/!s(3/s^ %*0!."!.%*#s%*s5!.s/!1.%05_s00%*s0$!%.s
/+%!0(s#+(/Xs "+.s %*/0*!s%*"+.)0%+*s %""1/%+*Ws.+)s5sEIXsECDKs
+*3. /Xs0$!ss"%*((5s$/ss#!*!.(s 0s.!$s*+0%"%0%+*s(3s/s
,.0s +"s 0$!s Ws $,0!.s Gs %*s .0s 		s "+1/! s +*s 0$%/s ,%!!s +"s
(!#%/(0%+*Xs3$%$s%/s,+0!*0%((5s,(!s+"s+*0.%10%*#s0+s0$!s %""1/%+*s
+"s5!.s/!1.%05s%*"+.)0%+*Ws+s!s,.!%/!Ys$,0!.sGs/01 %! s3$!0$!.s
0$!s s s %/s ,(!s +"s %*!*0%2%6%*#s ,.%20!s +.#*%60%+*/s 0+s
 %/(+/!s 0s+"s.!(!2*0s 0s.!$!/Ws	*s +%*#s/+Xs0$!s*(5/%/s0++'s
%*0+s+1*0ss.+ s.*#!s+"s,.%20!s* s/+%(s+/0/s* s!*!"%0/s+"s
 0s.!$s %/(+/1.!s* s %0/s .!#1(0%+*Ws$!s*(5/%/s .!2!(! s 0$0s
)+/0s+.#*%60%+*/s3%((s*+0s/,+*0*!+1/(5s %/(+/!s%*s0$!s/!*!s+"ss
.!#1(0%+*Ws$%/s %* !! s*!!//%00!/s .!#1(0%+*s ".+)ss /+%(s3!(".!s
,!./,!0%2!Xs ,.+2% ! s 0$0s /+(!(5s  0s .!$!/s 0$0s /1.,//s s
0$.!/$+( s.!s %/(+/! s 0+s 0$!s,1(%Ws 	s +*(1 ! s 0$0s 0$!s03+s)%*s
$((!*#!/s +"s 0$!s s .!s DW_s 0+s /1""%%!*0(5s %* 1!s +.#*%60%+*/s 0+s
*+0%"5s* sEW_s0+s/!0s0$!s*+0%"%0%+*s0$.!/$+( s0ss/+%((5s+,0%)(s(!2!(Ws
!#. %*#s0$!s"+.)!.Xs	s.#1! s0$0s/+(!(5s.!(5%*#s+*s !0!..!*!s3%((s
,+0!*0%((5s !s 2!.5s +/0(5s * o+.s .!/1(0s %*s s (%)%0! s (%'!(%$++ s +"s
 !0!0%+*Xs !2!*s %"s !4s *0!s .%/'s /! s 1 %0%*#s +.s !4s ,+/0s 2%+(0%+*s
/,!%"%s!*"+.!)!*0s.!s0'!*s%*0+s+1*0Ws	s1.#!s0$!ss0+s(++'s0s
..+0/s * s 0$!s !4,.!//%2!s "1*0%+*s +"s 0$!s (3s /s +),(!)!*0.5s
%*!*0%2!s/$!)!/Ws/,!%((5s0$!s %#%0(s"%./0s% s'%0s*s!ss,.+)%/%*#s
  %0%+*(s%*!*0%2!s"+.s+.#*%60%+*/s0+s+),(5Xs,.+2% ! s0$0s/s
 !2!(+,! s 0$!)/!(2!/s /s s !*0.!s +"s !4,!.0%/!s %*s )%0%#0%*#s  0s
.!$!/Ws!#. %*#s0$!s(00!.s^0$!s+,0%)(s(!2!(s+"s0$!s0$.!/$+( _s)5s
*(5/%/s(.%"%! s0$0s 0s.!$s %/(+/1.!s*s!ss+/0(5s!4!.%/!s
".+)ss /+%(s3!(".!s,!./,!0%2!Ws/,!%((5s*+0%"%0%+*s "0%#1!s* s
 )%*%/0.0%2!s+/0/s+"s""!0! s%* %2% 1(/s*!#0!s/+%(s!*!"%0/s3$!*s
(.#!s)+1*0/s+"s%*/%#*%"%*0s 0s.!$!/s.!s!%*#s %/(+/! s0+s0$!s









+"s(!#%/(0%+*s,.+2% ! s0$0s%0s3%((s!s!*"+.! s* s!4!10! s3%/!(5s5s
0$!s *0%+*(s/Ws +*/!-1!*0(5Xs 0$!s *0%+*(s/s $2!s s .1%(s
.+(!s%*s)'%*#s0$!ssss/1!//Wss.1%(s,.0s+"s0$%/s.+(!s%/s0$0s
0$!5s/$+1( s,%0(%6!s0$!s0!$*%-1!/s* s'*+3(! #!s+"s0$!s1*%2!./%05s
$!(%4s0+s+((!0s 0s* s,!."+.)s!4s,+/0s%),0s//!//)!*0/Wss
KWDWF .0s			s
.0s 			s !,%0+)%6! s 0$!s .+(!s +"s 	* 1/0.5s %*s /0%)1(0%*#s %*"+.)0%+*s
 %""1/%+*Ws 	* 1/0.5s $/s 0$!s +*0.01(s ".!! +)s 0$0s ,.+,!(/s 0$!s
 !2!(+,)!*0s+"s%**+20%2!s,.+ 10/Ws$!/!s%**+20%+*/s*s(! s0+s*s
%*.!/!s %*s '*+3(! #!s  %""1/%+*Ws $!s (3s * s !+*+)%/s +"s 5!.s
/!1.%05s *s *(5/!s 3$!0$!.s * s 1* !.s 3$%$s +* %0%+*/s 0$!/!s
,.+ 10/s *s +*0.%10!s 0+s /+%(s3!(".!s * s %*"+.)0%+*s %""1/%+*Ws
.0s			s"+1/! s+*s03+s+*0.01(s#.!!)!*0/s.!#. %*#s.%/'s/$%"0%*#Ws
$,0!.s Hs .%!"(5s %*0.+ 1! s 0$!s 0$!+.!0%(s "+1* 0%+*/s "+.s .%/'s
/$%"0%*#s * s +),.! s 0$!s 0$.!!s "+.)/s+"s .%/'s ((+0%+*s ^%* %2% 1(s
)*#!)!*0Xs 5!.s %*/1.*!s * s 5!.s,++(%*#_Ws 	0s   .!//! s 0$0s
.%/'s2!./%+*s* s0.*/0%+*s+/0/s .%2!s0$!s !)* s"+.s.%/'s/$%"0%*#Ws
$%/s$,0!.s(/+s %/1//! s0$!s/+%(s!*!"%0/s+"s0$!s03+s.%/'s/$%"0%*#s
0!$*%-1!/s.!(0%2!s0+s%* %2% 1(s.%/'s)*#!)!*0Ws$%"0%*#s5!.s.%/'s















* s +*0.%10! s 0+s 0$!s (3s * s !+*+)%/s +"s .%/'s /$%"0%*#s * s 0$!s
(%0!.01.!s+*s5!.s%*/1.*!Ws$!s)%*s 2*0#!s+"s%*/1.*!s"+.s)5s
!* !2+1.s0+s.! 1!s0$!s%*"+.)0%+*s !"%%0s%/s0$0s%*/1.*!s"%(%00!/s
0$!s %""1/%+*s+"s%*"+.)0%+*s2%ss"!! 's(++,s!03!!*s0$!s%*/1.!.s
* s 0$!s #.+1,s +"s %*/1.! Ws 	*s 0$!+.5Xs 0$!s %*/1.!.s 3%((s 1)1(0!s
.!(!2*0s5!.s^(%)_s 0s* s0$%/s%*"+.)0%+*s3%((s%.(!s's0+s0$!s
%*/1.! s %*s 0$!s "+.)s+"s  2%!/s +*s$+3s 0+s,!."+.)s!00!.Ws$,0!.s Is
"+.)1(0! s s 0$!+.!0%(s ".)!3+.'s * s +/!.2! s 01(s 5!.s
%*/1.*!s +*0.0/s "+.s /s %*s 0$!s!0$!.(* /Ws +)!s !(!)!*0/s %*s
0$+/!s+*0.0/s"+/0!.s#.+30$s+"s0$!s).'!0Xs/1$s/s/%),(!s.!-1!/0%*#s
,.+! 1.!/s* s0$!s(+3!.s,.%!/s0$*s/!2!.(s5!./s#+Ws10s%*s#!*!.(Xs
s d0$qEEes /%010%+*s /!!)/s 0+s .%/!s %*s 1..!*0s ).'!0s "+.s 5!.s
%*/1.*!s"+.s/Ws$!s !2!(+,)!*0s+"s0$!s).'!0s%/s$%* !.! s5s0$!s
%*"+.)0%+*s  !"%%0s %0s %)/s 0+s .! 1!Ws %./0Xs %*/1.!./s 1..!*0(5s
%*/1""%%!*0(5s"+1/s0$!%.s+2!.#!s+*s(+3s%),0s$%#$s(%'!(%$++ s.%/'Ws
!+* (5Xs%0s%/s1..!*0(5s$. s"+.s)+/0ss0+s)'!ss3!((q%*"+.)! s
$+%!s .!#. %*#s3$%$s %*/1.*!s 0+s 0'!Ws$%/s %/s !%0$!.ss !(%!.0!s
/1/0%*)!*0s+"ss).'!0s "+.s(!)+*/Xs+.s0$!s.!/1(0s+"s 0$!s"0s 0$0s 0$!s
 !2!(+,)!*0s+"s0$!s).'!0s%/s%*s*s!.(5s/0#!Ws(/+Xs0$!.!s.!s+*(5sEs
+10s +"s Js %*/1.!./s +/!.2! s 0$0s .!-1%.!s .%/'s .! 10%+*s )!/1.!/Ws s
,+//%(!s!4,(*0%+*s %/s 0$0s 0$!.!s %/s%*/1""%%!*0s %*"+.)0%+*s+*s3$0s
0$!/!s .%/'s .! 10%+*s )!/1.!/s /$+1( s !*0%(Ws !*!Xs $,0!.s Is
+*(1 !/s0$0s0$!s,!./%/0!*0s%*"+.)0%+*s !"%%0s$),!./s0$!s!""%%!*0s
 !2!(+,)!*0s +"s 0$!s 5!.s %*/1.*!s ).'!0s * s +*/!-1!*0(5s %0/s
+*0.%10%+*s %*s /0%)1(0%*#s %*"+.)0%+*s  %""1/%+*Ws 	*s +. !.s 0+s
+2!.+)!s 0$!/!s $((!*#!/Xs 	s ,.+2% ! s .!+))!* 0%+*/s +*s "101.!s
.!/!.$s 0$0s +1( s "1.0$!.s  !2!(+,s 0$!s ).'!0Ws 	s  %/1//! s 0$!s
(0!.*0%2!/s+"s/%s5!.s %*/1.*!s+2!.#!Xs)* 0+.5s %/(+/1.!s
+"s(%)s 0Xss/%),(%"%! s.!-1!/0%*#s,.+! 1.!s* ss(.%"%0%+*s+"s







0$+.+1#$(5s *(5/%*#s 0$!s (0!.*0%2!/s "+.s 0. %0%+*(s %*/1.*!Xs +"s
3$%$s$,0!.sJs%/s*s!4),(!Wss
s
$,0!.sJs*(5/! s0$!s,+0!*0%(s* s+* %0%+*/s"+.s1/%*#s.%/'s,++(%*#s
/s s 0++(s 0+s  !(s 3%0$s 5!.s /!1.%05s .%/'Ws %/'s ,++(%*#s $/s +"0!*s





%/s +"0!*s *+0s 2%((!s * s %*/1.!.s )%#1%05s)5s (! s 0+s $%#$s .%/'s
,.!)%1)/s /s s .!/1(0s +"s3$%$s 0$!.!s)5s !s *+s /1""%%!*0s  !)* Ws
$,0!.s Hs +*s 5!.s %*/1.*!s +*(1 ! s 0$0s 0$!s ,!./%/0!*0s
%*"+.)0%+*s  !"%%0s %/s +*!s +"s 0$!s .!/+*/s 3$5s 0$!s 5!.s %*/1.*!s
).'!0s%0s/0%((s%*s%0/s%*"*5WIFIs$!s/%s% !s3%0$s.%/'s,++(%*#s%/s0$0s
3%0$s 5!.s .%/'s +.#*%60%+*/s )5s $2!s !00!.s %*"+.)0%+*s 0$*s
%*/1.!./s+*s 0$!s .%/'s!4,+/1.!s* s0$!s !/%.(!s)!/1.!/s 0+s,.!2!*0s
0$!s.%/'Ws$!*s0$%/s%/s0$!s/!ss,++(s*s(! s0+s)101(s)+*%0+.%*#Xs
0$1/s/0%)1(0%*#s%*"+.)0%+*s!4$*#!Xss.! 10%+*s+"s0.*/0%+*s+/0/s


















3$!*s /,!%"%s ,.+%(%0%!/s +"s *s %*% !*0s +1..%*#s .!)%*s $. s 0+s
,.! %0Ws $!.!/s %*/1.*!s (35/s .!-1%.!/s s ,.!)%1)s /!00%*#Xs
,++(%*#s %/s ,+//%(!s 3%0$+10s s ,.%%*#s +"s 0$!s .%/'Ws 	0s %/s *!!//.5Xs
$+3!2!.Xs 0+s % !*0%"5s 0$!s .!(0%2!s +*0.%10%+*s +"s 0$!s 2.%+1/s
,.0%%,*0/s 0+s 0$!s ,++(Ws /! s +*s 0$!/!s #!*!.(s /0.0%*#s ,+%*0/s 	s
!4)%*! s0$!s,+0!*0%(s+"s.%/'s,++(%*#s"+.s5!.s/!1.%05Ws	s.#1! s0$0s
%"s /1""%%!*0s %*"+.)0%+*s *s !s #0$!.! s 5s +.#*%60%+*/s 0+s
 %""!.!*0%0!s0$!s.!(0%2!s.%/'s!4,+/1.!s* s+*0.%10%+*s+"s0$!s2.%+1/s
,.0%%,*0/Xs 0$!s0. %0%+*(s,.+(!)/s+"s 2!./!s/!(!0%+*s* s)+.(s
$6. s^3$%$s*s!-1((5s0$.!0!*s0$!s!)!.#!*!s+"s.%/'s,++(%*#_s*s
!s .!)! %! WIFJs $,0!.s Js (/+s *+0%! s 0$0s 0$!s)&+.s  2*0#!s +"s
5!.s .%/'s,++(%*#s3+1( s*+0s /+s)1$s!s +),!*/0%+*s .G &%)*s ^"+.s
3$%$s+"0!*s %*/1.*!s %/s1/! _Xs10s .0$!.s 0$!s %*"+.)0%+*s!4$*#!s
0$0s)5s!s#!*!.0! s0$.+1#$s0$!s.!0%+*s+"ss,++(Ws
s
!"!..%*#s 0+s+0$!.s!4),(!/s3$!.!s .%/'s,++(/s3!.!s.!0! Xs10s(/+s
3$!.!s.%/'s,++(/s"%(! Xs	s,+%*0! s0s0$!s%),+.0*!s+"ss.!"1(s !/%#*s
+"s s 5!.s .%/'s,++(Ws +s 0$!s !/0s +"s)5s'*+3(! #!s 0+ 5s 5!.s .%/'s
,++(%*#s$/s*+0s5!0s !)!.#! Ws+3!2!.Xs 	s .#1!s 0$0s 0$!.!s)5s!ss
(.#!s%*0!.!/0s)+*#s+.#*%60%+*/s0+s.!0!s0$+/!s,++(/Xs!/,!%((5s/s
0++(/s"+.s%*"+.)0%+*s %""1/%+*Ws$!s!)!.#!*!s+"ss.%/'s,++(Xs$+3!2!.Xs
.!-1%.!/s s +..!0s 1* !./0* %*#s )+*#s +.#*%60%+*/s +"s 0$!s 5!.s




IFJs 2!./!s/!(!0%+*s%/s!4,(+%0%*#s$%  !*s%*"+.)0%+*s!"+.!s0$!s/%#*%*#s+"s0$!s









*s0%2!s!*0.!,.!*!1.s ^(%'!ss.+'!._s 0+s %*%0%0!s 0$!s,++(Ws+.!+2!.Xs
.%/'s,++(%*#s3+1( s*!2!.s!s0$!s+*(5s %*/0.1)!*0s 0+s !(s3%0$s5!.s
/!1.%05Xs *!%0$!.s /s ".s /s ,.!2!*0%+*Xs *+.s /s ".s /s +),!*/0%+*s %/s
+*!.*! Ws %0$s .!/,!0s 0+s +),!*/0%+*s s ,++(s 3+1( s ,.+(5s
%*(1 !ss(.#!s ! 10%(!s/ss.!/1(0s+"s3$%$s+.#*%60%+*/s3+1( s/0%((s
%* %2% 1((5s)*#!s.%/'s*s%),+.0*0s,.0s+"s0$!s(+//Xs(/+s%*s+. !.s0+s
.! 1!s )+.(s $6. Ws +.!+2!.Xs ,++(/s 1/1((5s %*(1 !s %),+.0*0s
(%)%0/Zs0$!s2!.5s$%#$s^0/0.+,$%_s.%/'s%/s+"0!*s$! #! s0+s^.!_%*/1.!./Ws
	0s%/s0$!.!"+.!s(%'!(5s0$0s%*s0$!s"101.!s5!.s.%/'s,++(%*#s)5s0'!s*s





1..!*0s 5!.s %*/1.*!s +*0.0/Ws 	*s  +%*#s /+Xs %0s 3/s 0$!s "%./0s
% !*0%"%0%+*s+"s%*/1.*!s+*0.0/s"+.s/s%*s0$!s!0$!.(* /Ws$!s
*(5/%/s+,!*! s)*5s2!*1!/s"+.s"101.!s.!/!.$Ws*!s+1( s3+.'s+*s
0$!s % !*0%"%0%+*s +"s 3$%$s .%/'s %/s /1%0(!s "+.s 5!.s %*/1.*!s * s
%**+20%2!s35/s0+s,.%!s0$%/s.%/'s%*s0$!s"+.)s+"ss,.!)%1)Ws(/+Xs0$!s
+*/1)!.s/% !s+"s+0$s5!.s%*/1.*!s* s,++(%*#s)1/0s!s!4,(+.! s
"1.0$!.Xs %*s +. !.s 0+s +/!.2!s 0$!%.s ,.!"!.!*!/s * s ,.!.!-1%/%0!/s
.!#. %*#s0$!s5!.s%*/1.*!Xs10s(/+s5!.s.%/'s,++(%*#Wss$!s#+(s+"s
$,0!.sJs3/s0+s/'!0$s0$0s.%/'s,++(%*#s+1( s,(5s*s%),+.0*0s.+(!s
%*s5!.s/!1.%05s* s0+s/$+3s0$!s/,!%"%s+* %0%+*/s* s !/%#*s%//1!/s
0$0s 3+1( s $2!s 0+s !s 0'!*s %*0+s +1*0s %*s  !2!(+,%*#s 5!.s .%/'s
,++(%*#Ws"s+1./!Xs0$!s/,!%"%s*01.!s+"s0$!s5!.s/!1.%05s.%/'Xs/s3!((s
/s 0$!s  %""!.!*0s 05,!/s +"s 5!.s .%/'Xs  +!/s  !/!.2!s "1.0$!.s  !0%(! s
00!*0%+*Ws 	0s)5s,+0!*0%((5s (! s 0+s 0$!s +*(1/%+*s 0$0s2.%+1/s .%/'s
,++(/s$2!s0+s!s.!0! s"+.s/,!%"%s05,!/s+"s5!.s/!1.%05s.%/'Ws$!s








0$0s 1* +10! (5s )!.%0s "1.0$!.s .!/!.$Ws !/% !/s 0$!s "+1/s +*s .%/'s
/$%"0%*#s+*0.0/Xs0$!s.!/!.$s+*s0$!s.+(!s+"s%* 1/0.5s*s(/+s% !*0%"5s
*!3s %**+20%2!s +*0.01(s /+(10%+*/s "+.s 0$!s /+%!0(s * s 0!$*%(s
%//1!/s %*s %*"+.)0%+*s  %""1/%+*Ws *!s +1( s "+.s %*/0*!s 0$%*'s +10s
!""%%!*0s)!$*%/)/s0+s!4$*#!s%*"+.)0%+*s0s(+3s^).#%*(s+/0_Ws
	*s  +%*#s /+Xs 0$!s .!/!.$s %*s 0$%/s "%!( s *s (/+s !*!"%0s ".+)s %*/%#$0/s
+0%*! s ".+)s "%!( /s %*s (3s* s !+*+)%/s 0$0s !(0s3%0$s /5/0!)%s
.%/'Xs/1$s/s*1(!.s.%/'Xs"%**%(s.%/'s+.s!*2%.+*)!*0(s.%/'Wss
KWEW *s#!* s"+.s0%)1(0%*#s5!.s!1.%05s	*"+.)0%+*s%""1/%+*ss
	0s%/s0$!s/01 %!/es/!+* s)%0%+*s0+s,.+,+/!s*s#!* s+*!.*%*#s0$!s
/0%)1(0%+*s +"s %*"+.)0%+*s  %""1/%+*s %*s 5!.s /!1.%05s "+.s 0$!s
1*%2!./%05Xs #+2!.*)!*0s * s %* 1/0.5s 0.%,(!s $!(%4Ws !0%+*s KWEWDs 3%((s
,.+2% !ss/$+.0s.!,s+*s0$!s!*!"%0/s+"s%*"+.)0%+*s %""1/%+*Ws!0%+*s
KWEWEs3%((s %/1//s0$!s+),(!)!*0.5s.+(!/Xs0++(/s* s.!/,+*/%%(%0%!/s+"s
1*%2!./%05Xs#+2!.*)!*0s* s%* 1/0.5Ws!0%+*sKWEWFs,.+2% !/s0$!s+.!s
.!+))!* 0%+*/Ws
KWEWD $!s!*!"%0/s+"s%*"+.)0%+*s %""1/%+*s




















EW $!s %""1/%+*s+"s5!.s/!1.%05s 0s3%((s(! s0+s!00!.s/!1.%05s
,.+ 10/Ws+.s%*/0*!Xs3$!*s%*"+.)0%+*s+10ss21(*!.%(%05s
+.ss6!.+s 5s!4,(+%0/s%/s %""1/! s)+*#s/!1.%05s+.#*%60%+*/Xs
0$%/s3%((s(! s*s%*.!/! s,!s+"s,0$%*#WIFLss







GW $!*s%*"+.)0%+*s %""1/%+*s.! 1!/s0.*/0%+*s+/0/Xs0$%/s
+1( s(! s0+ss.! 10%+*s+"s0$!s!40!.*(%0%!/s+. %*#s0+s0$!s
+/!s0$!+.!)WIGCss
s
((s %*s ((Xs 0$!s /01 5s /$+3! s 0$0s 0$!/!s /1,,+.0%*#s .#1)!*0/s #%2!s
/1""%%!*0s #.+1* s "+.s 0$!s 0$!/%/s 0$0s 0$!s /0%)1(0%+*s +"s %*"+.)0%+*s














*%2!./%05Xs#+2!.*)!*0s* s%* 1/0.5s$2!s+),(!)!*0.5s.+(!/s* s




" .+N 56CN "&.%-'(.,%2N )%(2"' N -!N )(0+,N (N .'"/+,"-2BN
 (/+'&'-N'N"'.,-+2AN
s
*s s $%#$s ##.!#0%+*s (!2!(Xs 0$!s$,()*/G $!(%4s * s 0$!s /%!*0%"%s















0$0s /$+1( s!s10%(%6! s %*s+. !.s 0+s$%!2!s 0$!s!* s+"s+,0%)(s5!.s
/!1.%05s %*2!/0)!*0/Ys 0$!s /0%)1(0%+*s +"s %*"+.)0%+*s  %""1/%+*Ws *!s
##.!#0%+*s (!2!(s(+3!.Xs0$%/s/01 5s/$+3! s0$0s 0$!s1*%2!./%05s$!(%4Xs
* s)+.!s /,!%"%((5s 0$!s (3s * s !+*+)%/s +"s 5!.s /!1.%05Xs *s
,.+2% !sd/0* q(+*!es.!/!.$s^.0s	_s10s(/+s*s//!//s* s,.+2% !s
,+//%%(%0%!/s "+.s 0$!s +0$!.s $!(%!/s 0+s +*0.%10!s 0+s /0%)1(0%*#s
%*"+.)0%+*s  %""1/%+*s ^.0s 		s * s 			_Ws 	*s +0$!.s3+. /Xs 0$!s (3s * s
!+*+)%/s +"s 5!.s /!1.%05s *s *+0s +*(5s ,.+2% !s 0$!s  %.!0%+*s "+.s
/+%!0(s!""+.0s%*s5!.s/!1.%05Xs10s*s(/+s/.10%*%6!s3$!0$!.s0%+*/s
+"s 0$!s 0$.!!s$!(%!/s %* !! s,+%*0s %*s /1$ss %.!0%+*Ws$0s %/s !40(5s





/0%)1(0%+*s+"s%*"+.)0%+*s %""1/%+*Ws$%/s/01 5s/.10%*%6! s0$!s/!s+"s
0$!sWsss)5s!s (!s 0+s /0%)1(0!s %*"+.)0%+*s %""1/%+*s
+10s  0s .!$!/s 0s ""+. (!s /+%(s +/0Ws 	*s  +%*#s /+Xs %0s (/+s
,.+2% !/s  %0%+*(s)!0.%/s"+.s5!.s/!1.%05s.!/!.$s0s1*%2!./%0%!/Ws
(/+Xs 0$!s  0s "%(%00!/s .%/'q/$%"0%*#s #.!!)!*0/s 0$0s !*!"%0s ".+)s
!*$*! s %*"+.)0%+*s +10s 5!.s /!1.%05Ws +.!+2!.Xs 0$!s
#+2!.*)!*0(s2%+(!*!s)+*+,+(5s/1$s/s0$!s0$.!0s+"s^$%#$_s,!*(0%!/s














0+s!00!.s %""1/!s'*+3(! #!Ws.#*%60%+*/s)1/0s%**+20!s%*s+. !.s0+s
/1.2%2!s%*ss+),!0%*#s3+.( WIGFs	**+20%+*s0$0s$/ss/+%!0(s!*!"%0s
*s .%2!s /).0s+.#*%60%+*(s /0.101.!/s +.s,(0"+.)/s 0$0s "%(%00!s
* s /0%)1(0!s 0$!s  !s "0+s /0%)1(0%+*s +"s %*"+.)0%+*s  %""1/%+*Ws 	*s




0$%/s 0s"+.s"1.0$!.s.!/!.$s/01 5%*#s0$!s)%.+!+*+)%s 5*)%/s+"s
5!.s /!1.%05s 5s 1/%*#s 0$!s  !)%s )!0$+ +(+#5Ws 	* 1/0.5s
%**+20%+*s*s .%2!s+),(%*!s3%0$s.!#1(0%+*s".+)s0$!s#+2!.*)!*0s
$!(%4s0$!s+0$!.s35s.+1* Ws.0s			s/$+3! s0$0s3$!*s*s+.#*%60%+*s
%/s+2!.! s5s5!.s %*/1.*!s+.s 0$.+1#$ss5!.s.%/'s,++(Xs %0s %/s (!//s
,%*"1(s 0+s +),(5s3%0$s  0s .!$s *+0%"%0%+*s (!#%/(0%+*Xs !1/!s
/+)!s )#!/s.!(0! s0+s0$!s %/(+/1.!s+"s*+0%"%0%+*/s.!s+2!.! Ws
KWEWF !+))!* 0%+*/s
$!s/01 5s,.+2% !/s!4),(!/s+"s$+3s 0$!s %""!.!*0s 0++(/s+"s 0$!s0$.!!s
 %""!.!*0s,.0/s+"s/+%!05s*s!s10%(%6! Ws$!s/01 %!/es !!,s %2!/s/$+3s
0$0s0$!s/,!%"%s0++(/s+"s1*%2!./%05Xs#+2!.*)!*0s* s%* 1/0.5s*s!s






%* 1/0.5s%/s+1* s5s0$!s$.)s,.%*%,(!Xs3$%$s+1( s.!$s".s%*s0$!s/!s+"s5!.s















-($))>s $s $!(%4s /$+1( s !s 3.!s +"s %0/s 1*%-1!s .+(!s * s
.!/,+*/%%(%05s%*s0$!s/%)1(0%+*s+"s5!.s/!1.%05s%*"+.)0%+*s %""1/%+*Ws
%0$s .!#. /s 0+s 0$!s #+2!.*)!*0s * s %* 1/0.5s $!(%!/Xs 0$!s /+,!s +"s
 %""1/%+*s  !0!.)%*!/s 3$!0$!.s !%0$!.s #+2!.*)!*0s +.s %* 1/0.5s $/s s
,.%).5s .+(!s %*s !4!10%*#s %0WIGGs $%/s #+2!.*)!*0q%* 1/0.5s  5 s (/+s
0+1$!/s 1,+*s 0$!s ,+(%0%(s -1!/0%+*s +"s /+(2%*#s /+%!0(s ,.+(!)/s 5s




+0$!./Ws+2!.*)!*0s*s//%/0s %* 1/0.5s5s/1/% %6%*#s+.s,.+)+0%*#s
0$!s/0.0q1,s+/0/s+"s%**+20%+*/s0$0s.!s/+%((5s!*!"%%(Ws/0Xs0$!s
1*%2!./%05s$!(%4s/$+1( s!s(!s0+s/01 5s0$!s.+(!s+"s((s0$.!!s,.0%!/s%*s
0$!s0.%,(!s$!(%4s* s/$+1( s!s(!s0+s %""1/!s%*"+.)0%+*s3$!.!s0$!.!s
%/s/,!%(s'*+3(! #!s+.s0!$*%-1!/s*!! ! s!"+.!s%*"+.)0%+*s*s!s
 %""1/! Ws $!s 1,+)%*#s !0%+*s KWFs 3%((s ,+%*0s +10s 0$0s s "1.0$!.s
+**!0%+*s !03!!*s (3s * s !+*+)%/s * s !+*+)%/s +"s 5!.s
/!1.%05s3%((s!*!"%0s0$%/s %/0%*#1%/$! s.+(!s+"s1*%2!./%05Wss
s
%%&(*%$>G $s ,.05s %*s 0$!s 0.%,(!s $!(%4s $/s %0/s +3*s .+(!s * s
.!/,+*/%%(%05Ws+3!2!.Xs0$!s*!41/s!03!!*s0$!s0$.!!s,.0%!/s3%((s#.+3s
/0.+*#!.s3$!*s 0$!5s .!s (!s 0+s !*##!s %*s)101(s 1* !./0* %*#Wss
 !!,s* s/1/0%*(!s++,!.0%+*s!03!!*s0$!s$!(%!/s/$+1( s!)!.#!s










5!.s /!1.%05Ws +.s %*/0*!Xs 1*%2!./%05s /$+1( s ++,!.0!s 3%0$s
#+2!.*)!*0s * s %* 1/0.5s 0+s /.10%*%6!s 0$!s /+%(s !*!"%0/s +"s 0$!%.s
0%+*/Ws$%/s !)%s/01 5s/$+3! s0$0s/1$s*s*(5/%/s+"s0$!s0$.!!s
,.0%!/s 0$.+1#$s 0$!s (!*/!/s +"s 1*%2!./%05s ,.05s *s 5%!( s ".1%0"1(s




$!s /01 5s ,,(%! s (3s * s !+*+)%/s 0+s 5!.s /!1.%05Ws!*!Xs 0$!s
"%!( /s+"s "-G$G%$%#)s* s%$%#)G%G/(G)+(*/s0! s+*s0$!s
/0#!s+"s0$!s/01 5Ws+0$s %/%,(%*!/s1/!s)%.+!+*+)%/s 0+s/01 5s0$!s
 5*)%/s+"s!%0$!.s0$!s(3s+.s5!.s/!1.%05Ws+3!2!.Xs0$!.!s$/s!!*s
(%00(!s.!/!.$s+*s5!.s/!1.%05s%*s(3s* s!+*+)%/IGJs* s0$!.!s$/s
!!*s .!(0%2!(5s (%00(!s .!/!.$s +*s 0$!s .+(!s +"s 0$!s (3s * s (!#(s






MEC.MEC!!*MEC(* !(%&'MEC !''!* MEC/0!(/!(MEC2*MEC%*"+.)0%!'*++,
,1*0!*j0)HIqEILFDJW, "Ps^!//! sFCs.$sECDK_Ws
IGJs3s* s+*+)%/s/$+(./s. 5s* s.%/%s^ECCH_s1* (! s!//5/s+*s5!.s

















.%!"(5s% !*0%"5s$+3s0$%/s/01 5s+*0.%10! s0+s0$!s+**!0%+*s+"s0$!s03+s
"%!( /s ^KWFWD_Xs 0$!s ..%!./s 0$0s 1/! s 0$%/s %*/1""%%!*0s +**!0%+*s
^KWFWE_Ws!/!.$s%*s0$!s(3s* s!+*+)%/s+"s5!.s/!1.%05s$/s(.#!s
.!(!2*!s * s %),0s * s /$+1( s /0.%2!s 0+s )4%)%6!s %0/s /+%!0(s
10%(%05WIGLs+. %*#(5Xs3$!*s/$+(./s".+)s!%0$!.s(3s* s!+*+)%/s
+.s 0$!s!+*+)%/s+"s5!.s/!1.%05s$++/!s0+s,!."+.)s.!/!.$s %*s0$!s
.!s +"s (3s* s !+*+)%/s +"s 5!.s /!1.%05s 0$!5s /$+1( s10%(%6!s 0$!s
'*+3(! #!s ".+)s 0$!s +0$!.s "%!( Ws !0%+*s KWFWFs ,.+2% !/s
.!+))!* 0%+*/s"+.s"+/0!.%*#s%0/s"1.0$!.s(%*'#!Ws
KWFWD +**!0%*#s0$!s03+s"%!( /s%*s0$%/s/01 5s
	0s%/s0$!s/01 %!/es0$%. s)%0%+*s0+s)'!ss"%./0s/0!,s%*s0$!s+**!0%+*s+"s
(3s* s!+*+)%/s3%0$s0$!s!+*+)%/s+"s5!.s/!1.%05WIHCs*s0$!s+*!s
$* Xs 0$!s /01 5s ")%(%.%6! s /$+(./s +"s 0$!s !+*+)%/s +"s 5!.s
/!1.%05s3%0$s 0$!s ,,(%0%+*s+"s (3s* s!+*+)%/s)!0$+ +(+#5s 0+s
%//1!/s %*s 5!.s /!1.%05Ws $!s s %*s .0s 	s  %/(+/! s /s "+.s
-1*0%00%2!s.!/!.$s%*s0$!s!+*+)%/s+"s5!.s/!1.%05Ws$!s +0.%*!s
+"s+,0%)(s!*"+.!)!*0s%*s.0s		s3/s0$!s"1* )!*0s"+.s0$!s*(5/%/s
+*s!00!.s/Ws.0s 			s %*0.+ 1! s 0$!s (3s* s !+*+)%/s +"s .%/'s
/$%"0%*#Xs * s 0$.+1#$s %0/s !40!*/%2!s 0$!+.!0%(s "+1* 0%+*/s %0s 3/s
,+//%(!s 0+s % !*0%"5s +* %0%+*/s "+.s /+q((! s$5.% s /0.101.!/s3$!.!s


















.+(!Ws 	*s  +%*#s /+Xs 0$!s .!/!.$s ,%0(%6! s +*s 0$!s "0s 0$0s )*5s
+*!,0/s %*s (3s* s!+*+)%/s$2!s!!*s2(1(!s %*s+0$!.s.!/s+"s
(3s* s!+*+)%/Xs /1$s/s 0$!s %*/%#$0/s ".+)s.%/'s,++(%*#s+*0.0/s
,,(%! s 0+s 5!.s /!1.%05s %*s .0s 			Ws *s 0$!s +0$!.s $* Xs 0$!s /01 5s
-1%*0! s 0$!s /$+(./s %*s (3s* s !+*+)%/s3%0$s 0$!s '!5s %*/%#$0/s
".+)s0$!s!+*+)%/s+"s5!.s/!1.%05Ws$%/s%*(1 !/s0$!s+.!s 5*)%/s
+"s%*2!/0%*#s%*s5!.s/!1.%05Xs/1$s/s0$.!0/Xs21(*!.%(%05Xs%),0s* s
/0.0!#%!/s 0+s .! 1!s 0$!)Ws 	0s (/+s ,.+2% ! s *s %*0.+ 10%+*s %*0+s 0$!s
/,!%"%s )%.+!+*+)%s ,!1(%.%0%!/s +"s 0$!s /5/0!)%s 5!.s /!1.%05s
.%/'Xs /1$s /s ".s .!$%*#s !40!.*(%0%!/Xs 2.%+1/s 05,!/s +"s /01+.*s




3+.'s0s0$!/!s.+//.+ /Ws%0$+10ss +10Xs0$!s%*0!./!0%+*s+"s(3s* s
!+*+)%/s * s !+*+)%/s +"s 5!.s /!1.%05s %/s "!.0%(!s #.+1* s "+.s




3!(".!s %),(%0%+*/s+"s 0$!/!s$+%!/s.!Ws s* s3%0$%*s0$!s+*0!40s+"s
0$!s /0+.5(%*!s +"s 0$!s /01 5Xs 0$!s (3s * s !+*+)%/s +"s 5!.s /!1.%05s
/$+1( s  !/%#*s * s *(5/!s (!#(s %*/0.1)!*0/s 0$0s +*0.%10!s 0+s
%*"+.)0%+*s %""1/%+*Ws
KWFWE ..%!./s0+s1%( %*#s0$!s.% #!s
+s".s	s %/1//! s0$!s 2*0#!/s+"s0$!s"1.0$!.s+**!0%+*s+"s(3s* s
!+*+)%/s 3%0$s 0$!s !+*+)%/s +"s 5!.s /!1.%05Ws $!s *(5/%/s %*s
$,0!.s DXs !0%+*s DWEWDs .!2!(! s 0$0s )101(s .!"!.!*%*#s 0+s +0$s
 %/%,(%*!/s%/s/+(!(5sFqGMs+"s0+0(s.!"!.!*!/s+"ss,,!.Xs3$!*s/1&!0/s








.%/!/s-/G0$!s03+s"%!( /s % s*+0s+**!0s/1""%%!*0(5Ws$%/s/!0%+*s,+/!/s
0$!sd+,,+/%0!s0. %0%+*es$5,+0$!/%/s0$0s	s !2!(+,! s+2!.s0$!s,/0s5!./Xs
3$%(!s ,!."+.)%*#s .!/!.$s +*s 0$!s %*0!./!0%+*s +"s +0$s  %/%,(%*!/WIHDs






0.0! s%*sDLIC/s 0.0! s%*s0$!sECCC/s
$!+.5s"%./0s ),%.%/s"%./0s
! 10%2!s.!/+*%*#s 	* 10%2!s.!/+*%*#s
+.)(s * s /(+3s ,1(%0%+*s
1(01.!s
	*"+.)(s * s "/0s ,1(%0%+*s
1(01.!s
s
-G $G %$%#)s %/s *s ()+/0s (//%(s )+2!)!*0s 0$0s ,10/s 0$!s
 !2!(+,)!*0s +"s 0$!+.5s /s s,.%).5s,.)+1*0s,.%*%,(!Ws $%/s (/+s
/0!)/s ".+)s 0$!s "0s 0$0s (3s * s !+*+)%/s ,,(%!/s 0$!s !+*+)%s
*(5/%/s0+s0$!s(3s%*s+. !.s0+s(+ s0$!s(00!.s3%0$s0$!s*!!//.5s0$!+.5Ws


















%/s *+0s )1$s )+.!s 0$*s d/0),s +((!0%+*eWgIHEs !s )!*0s 0$0s (!#(s
/$+(./$%,s )+/0(5s +*!.*/s (//%"5%*#s * s +.#*%6%*#s (!#(s
/0.101.!/Xs+.s/s$!s(%'! s0+s((s%0Xsf+,!.0%*#ss"%(!s/5/0!)gWIHFs%0$+10s
s0$!+.!0%(s".)!3+.'Xs/1$s/s0$!s+*!s0$0s(3s* s!+*+)%/s%)/s
0+s !2!(+,s* s,.+2% !Xs0$!.!s%/s%* !! s(%00(!s*(5/%/s* s/5*0$!/%/s%*s
(!#(s /$+(./$%,Ws $!s 0$!+.!0%(s ".)!3+.'s ".+)s 3$%$s (3s * s
!+*+)%/s%)/s0+s !,.0s%),(%0!/s0$0s0$!.!s%/s#!*!.(ss ! 10%2!s
)!0$+ s0+s+)!s0+s(+#%(s+*(1/%+*/Ws !)%s%*/%#$0/s%*s0$!s3s
* s +*+)%/s )+2!)!*0s .!s /$.! s %*s )*5s 3!((q.! s '!5s
&+1.*(/WIHGs $%/s "+.)(s ,1(%0%+*s 1(01.!s $/s 0$!s  2*0#!s +"s




$ s %0/s #!*!/%/s %*s ECCDs 5s s /!)%*(s .0%(!s +"s +//s * !./+*WIHHs
* !./+*s%/s+.%#%*((5ss+),10!.s/%!*0%/0Ws+. %*#(5Xs0$!s1(01.!s
+"s0$!s!+*+)%/s+"s5!.s/!1.%05s.#1(5s$/s/+)!s+"s0$!sd0.%(s* s
!..+.es,,.+$s+"s !2!(+,%*#s/+"03.!s+ !Ws$%/s%/s(/+s.!(0! s0+s0$!s
/!.0%*)!*0s0$0s0$!.!s%/s/0%((s(%)%0! s 0s2%((!s+10s0$!s5!.s
/!1.%05s).'!0WIHIs $!s)&+.%05s +"s 0$!s ,,!./s ,.!/!*0! s 0s %0/s)%*s
"+.1)s	s +s$2!ss/%#*%"%*0s!),%.%(s+),+*!*0Ws+.s%*/0*!Xs


























%*"!.!*!s *s !s) !s 0$0s 3%0$%*s 0$!s !+*+)%/s +"s 5!.s /!1.%05Xs
+((!0%*#s* s*(5/%*#s!),%.%(s 0s %/s,.)+1*0Ws$!s!),%.%(s
 0s %/s!%*#s1/! s0+s*(5/!s %*s3$0s35s)%.+!+*+)%s 5*)%/s





!*$*!/s %*"+.)0%+*s  %""1/%+*s /%*!s 0$!s 0%)!s ".+)s /1)%//%+*s 0+s
,1(%0%+*s* s,.!/!*00%+*s0s	s+1( s!s/s/$+.0s/s"+1.s)+*0$/Wss
s
$!s  %""!.!*!/s !03!!*s 0$!s 03+s  %/%,(%*!/s .!s *+0s *!!//.%(5s
 !0.%)!*0(Ws /s (+*#s /s 0$!s  %""!.!*!/s .!s *+0s 1*.% #!(!Xs 0$!5s
((+3s 0$!s 03+s  %/%,(%*!/s ".+)s )101(s (!.*%*#s "+.s 0$!s !*!"%0s +"s
/%!*!s * s /+%!05WIHJs $!.!s %/s !.0%*(5s s ,+//%%(%05s "+.s )101(s




















2/0s0$!+.!0%(s !2!(+,)!*0s+"s(3s* s!+*+)%/s* s0$!s 5*)%/s
+"s5!.s/!1.%05s3%((s*+0s!s+,!*! s"+.s(3s* s!+*+)%/s/$+(./WIHKs
s+*/% !.(!s!""+.0s*!! /s0+s!s) !s0+s+**!0s0$!/!s"%!( /WsG
G
	0s %/s %* %/,!*/(!s 0$0s/$+(./s %*s+0$s"%!( /s3*0s 0+s++,!.0!s* s
(!.*s".+)s!$s+0$!.Ws.0%!/s)1/0s/!!s0$!s/+%(s!*!"%0/s"+.s1*%2!./%05s
* s/+%!05s+"s0$%/s++,!.0%+*Ws$%/s)!*/s0$0ss2%/%+*s+"s+**!0%*#s
0$!s (3s* s!+*+)%/s3%0$s 0$!s!+*+)%/s+"s 5!.s /!1.%05s* s %0/s
+*0.%10%+*s 0+s /%!*!s* s/+%!05s /$+1( s!s !2!(+,! Ws+0$s "%!( /s
/$+1( s !* +./!s 0$!s &+%*0s #+(s * s 1%( %*#s (+'/s +"s 0$!s (3s * s
!+*+)%/s +"s 5!.s /!1.%05Ys 0$!s +,0%)%6%*#s +.s (.%"%0%+*s +"s (!#(s
%*/0.1)!*0/s 0$.+1#$s )%.+!+*+)%s *(5/%/s %*s +. !.s "+.s 0$!)s 0+s
+*0.%10!s 0+s +,0%)(s 5!.s /!1.%05Ws .%20!s %*!*0%2!/s *s !s
%*.!/! s %"s ++,!.0%+*s (! /s 0+s s ,+/%0%2!s %* %2% 1(s .!3. Xs "+.s




$+3s0+s"%* s!$s+0$!.Ws$%/s)!*/s0$0s0$!.!s/$+1( s!s!//%(!s* s
!""%%!*0s%*"+.)0%+*s!4$*#!s!03!!*s0$!s"%!( /Ws
s
/0Xs /$+(./s %*s +0$s %/%,(%*!/s)1/0s $2!s/%s '*+3(! #!s+"s 0$!s
+0$!.s %/%,(%*!/Ws+.s %*/0*!Xs+*!s+1( s!)! s (3s* s!+*+)%/s
+1./!/s%*s5!.s/!1.%05s! 10%+*s* s5!.s/!1.%05s+1./!/s%*s(3s
* s !+*+)%/s ! 10%+*Ws $!.!s)1/0s !s (! !./$%,s %*s)'%*#s * s
/1/0%*%*#s0$!s+**!0%+*s* s/!00%*#s1,s/0.101.!/s0+s)!!0s* s/$.!s
'*+3(! #!Xs+0$s+""(%*!s* s+*(%*!Ws/s/% Xs0$!s0. %0%+*/s+"s0$!s03+s











*s %* %2% 1(s (!2!(Ws $%/s *s !s  +*!s 0$.+1#$s "+.s %*/0*!s &+%*0s




$%/s ,(5s %*s 0$!s 5!.s /!1.%05s 0$!0.!s $/s ()+/0s "%*%/$! Ws 	s 3%((s
,.+2% !s0$!s.! !.s3%0$s/+)!s(+/%*#s.!).'/Xs!"+.!s0$!s1.0%*s"((/Ws
+s,10s%0ss(%00(!s%0s(1*0(5Ys%0$%*s5!.s/!1.%05Xs+*!s+1( s.#1!s0$0s
0. %0%+*(s )%.+!+*+)%s 0$!+.5s $/s 0'!*s /0!.+% /Ws $!s
%*0!.3+2!**!//s+"s %#%0(s !2%!/s),(%"5s* s01.+$.#!s)%/(%#*! s
%*!*0%2!/Xs %*"+.)0%+*s  !"%%0/s * s +0$!.s ).'!0s "%(1.!/Ws !#(s
%*/0.1)!*0/s*s#!0s0$.+1#$s0$%/s/0!.+% s/0+.)s* s!2!*01((5s.!q(%#*s
%*!*0%2!/s0+s%*.!/!s%*"+.)0%+*s %""1/%+*s* s/+%(s3!(".!WIHLs10s
%*s+. !.s0+s"1("%(s0$%/s,.+)%/!Xs(3s* s!+*+)%/s)1/0s#%*ss !!,!.s
(%*'s0+s0$!s!+*+)%/s+"s5!.s/!1.%05Ws$%/s"-G$G%$%#)s%s/(G
)+(*/s $/s 0$!s 0/'s 0+s "1.0$!.s "+.)1(0!s +))+*s d5!.s /!1.%05s
%*"+.)0%+*s  %""1/%+*es #!* s "+.s 1*%2!./%05Xs #+2!.*)!*0s * s
%* 1/0.5Ws $!s (3s * s !+*+)%/s +"s 5!.s /!1.%05s +1( s !*##!s %*s
%*"+.)0%+*s %""1/%+*s%+*s(!#(s%*/0.1)!*0/s* s/.10%*%6!s%*%0%0%2!/s
















"101.!WIICs$!s	*0!.*!0s$/s.+1#$0s1/s1*,.!! !*0! s,.+/,!.%05s* s
!),+3!.)!*0WIIDs$!s(3s* s!+*+)%/s+"s5!.s/!1.%05s*s,.+2% !s



































































































































































.% %s* 5+, $55Xs%&5sWs++'!.&!!s* s)sWs+Xsds
+ !(s0+s*(56!s0$!s*"1("%((! s.+)%/!s+"s5!.s	*/1.*!Ys$!s
	),0s+"s!+* .5s+//es^ECCG_s*%2!./%05s+"s!4/Xss+.'%*#s
,,!.sO$00,Yoo333W10 ((/W! 1oQ..+o5!.MHDMHW, "sPs
!//! sFCs.$sECDKWs
s



























































































WsA$)!s* sWs0.%Xsd+ !(/s* s!/1.!/s"+.s+..!(0%+*s%*s
5!.q	*/1.*!es^%"0$s**1(s+.'/$+,s+*s0$!s+*+)%/s+"s
	*"+.)0%+*s!1.%05Xs*%2!./%05s+"s).% #!XsECCI_s
O$00,Yoo333W!+*%*"+/!W+.#o.$%2!o3!%/ECCIo +/oDIW, "Ps!//! s
FCs.$sECDKWs
s






















.$s.!%0!*$Xsh00!/s0s+  /s3%0$s"! /s+*s 0s.!$s,.+,+/(/hs
^00!(%*!XsDEs
1*!sECDH_sO$00,Yoo333W,!30.1/0/W+.#o!*o.!/!.$q* q
*(5/%/o(+#/o/00!(%*!oECDHoIoDEo/00!/q0q+  /q3%0$q"! /q+*q 0q
.!$q,.+,+/(/Ps!//! sFCs.$sECDKWs
s




















































































Ws$!*#Xs%*#s%Xs!*(%s%s* s%*##1+s$%Xsh* !./0* %*#s0$!s
2%+(0%+*s+"s	s/!1.%05s,+(%5s%*s+.#*%60%+*/Ys*s%*0!#.0! s)+ !(s
/! s+*s/+%(s+*0.+(s* s !0!..!*!s0$!+.5hs^ECDF_sFLs+),10!.sVs
!1.%05sGGJWs
s























Ws(50+*s* sWs*/"!( Xshs01 5s+"s$+%/s.%25s* s.+45s
!.2!.s1/!hs^DF0$s**1(s+.'/$+,s+*s0$!s+*+)%/s+"s
	*"+.)0%+*s!1.%05Xs!**/5(2*%s00!s*%2!./%05XsECDG_s


















































! !.(* es^ECDI_sO$00,Yoo333W 10$*!03+.'#.+1,W+)oEKJKo#.%,q





3/s+"s0$!s+.( s* ++'es^F. s! *Xss%,!.sECDG_Ws
s















































































































































Ws !s!!/0s* sWs.%q00%%Xsd$!s%/!s+"s..+0/s* s0$!s
!(%*!s+"s0%'/es^ECDF_sKC^D_s*%2!./%05s+"s$%#+s3s!2%!3sFGDWs
s
%!/s%&6!(Xsd%!'s!*s6!("/0* %#\s*s%/s!!*s.++ "+* /s)%//$%!*s
%!0/s2++.s&+1esG^)/0!. )XsEFs.$sECDI_s
O$00,/Yoo333W*.W*(o*%!13/oECDIoCFoEEo*.q-q6%!'q!*q6!("/0* %#q
 *q%/q!!*q.++ "+* /q)%//$%!*q%!0/q2++.q&+1qDGLFGLHPs!//! sFCs
.$sECDKWs
s




































































































































































































































































































! !.(* /!s!.!*%#%*#s2*s*'!*Xsd.1 !es^sFCs1#1/0sECDJ_s
O$00,/Yoo333W*2W*(o0$!)q/o2!%(%#$!% q".1 !oHKIo".1 !W$0)(Ps
!//! sFCs.$sECDKWs
s
! !.(* /!s!.!*%#%*#s2*s*'!*Xsd+!s$++#s%/s !s/$ !s ++.s
".1 !s)!0s	*0!.*!0*'%!.!*\es^sFCs1#1/0sECDJ_s
O$00,/Yoo333W*2W*(o2!!(#!/0!( !q2.#!*o2!%(%#$!% q




















































MECMEC/!MEC01 5W, "Ps!//! sFCs.$sECDKWs
s




































































































%**%(s!.2%!/s	* 1/0.5es^ECCD_s	* !,!* !*0s	*/0%010!s+.'%*#s
,!.s1)!.sHJs

















































































































































































































Ws'+,%'XsWs!00**%s* sWs%! (!.Xsds,.+(!)s/$.! s%/ss,.+(!)s




































































































 !!(s+00!. )/!s$2!*s!*sess^)/0!. )XsEJs
1*!sECDJ_s
O$00,/Yoo333W*.W*(o*%!13/oECDJoCIoEJo*2(q)!0q.*/+)3.!q+,q


























%'%,! %Xsd.++ "+* /es^EDs
*1.5sECDJ_s
O$00,/Yoo!*W3%'%,! %W+.#o3%'%o.++ "+* /Ps!//! sFCs.$sECDKWss
s
%((%/Xsd%((%/s+.01*!sDCCCs5!.s%/(+/1.!s!,+.0es^ECDF_s














































!0!.s3!%"!(s* s+(* s%/!*Xs()(+$)4!%$%#G^E* s! *Xs
,.%*#!.sECCF_Ws
s



































	*0!.2%!3s 3%0$s /Ws .(+!/s 2*s %&*/!.#!*s ^0.!$0Xs EJs !.1.5s
ECDG_Ws
s














































	*0!.2%!3s 3%0$s .Ws 2!.0s 




































































































2!.s0$!s(/0s ! !s*s%*.!/%*#s)+1*0s+"s5!.s00'/s0$.!0!*! s
0$!s"1*0%+*%*#s+"s0$!s#(+(s!+*+)5Ws	0s%/s$. s"+.s+.#*%60%+*/s0+s
 !0!.)%*!s0$!%.sd+,0%)(es(!2!(s+"s/!1.%05Ws	*s+. !.s0+s00%*s0$%/Xs0$%/s
/01 5s 2+0!/s0$0s%*"+.)0%+*s.!(0! s0+s0$!s*01.!s+"s5!.s.%/'s* s
0$!s .!01.*s +*s %*2!/0)!*0s +"s )!/1.!/s 0+s .! 1!s %0s  %""1/!/s )+*#s
.!(!2*0s0+./Xs3$%(!s0'%*#s%*0+s+*/% !.0%+*s0$!s+/0/s+"s +%*#s/+Ws
1..!*0(5Xs0$!.!s%/s%*/1""%%!*0s%*"+.)0%+*s %""1/%+*s%*s5!.s/!1.%05Ws
$%/s /01 5s/!!'/s0+s % !*0%"5s /+(10%+*/s "+.s 0$!s!""%%!*0s /0%)1(0%+*s+"s
5!.s /!1.%05s %*"+.)0%+*s  %""1/%+*Ws $!s /0.+*#s ,1(%s #++ s





/!1.%05s /$+1( s !*!"%0s ".+)s 0$!s  !2!(+,)!*0s +"s 0$!+.5s * s
)!0$+ +(+#5s 3%0$%*s (3s * s !+*+)%/Ws $+(./s %*s (3s * s
!+*+)%/s /$+1( s (!.*s ".+)s 0$!s %*/%#$0/s .!#. %*#s 0$!s  5*)%/Xs
!),%.%/s* s)%.+!+*+)%s,!1(%.%0%!/s+"s5!.s.%/'s/s!*+1*0!.! s
%*s0$!s!+*+)%/s+"s5!.s/!1.%05Ws%#*%"%*0s!""+.0/s0+s(%*'s0$!s"%!( /s




1*%2!./%05Xs #+2!.*)!*0s * s %* 1/0.5Ws $s ,.05s3%0$%*s 0$%/s d0.%,(!s
$!(%4es $/s  %""!.!*0s .+(!/Xs .!/,+*/%%(%0%!/s * s 0++(/s 0+s /0%)1(0!s
%*"+.)0%+*s  %""1/%+*Ws $!s  !,(+5)!*0s +"s 0$!s %* %2% 1(s 0++(/s
2%((!s 0+s 0$!/!s 0$.!!s ,.0%!/s +)%*! s 3%0$s 0$!%.s )101(s









.0s 	s !,%0+)%6!/s 0$!s .+(!s +"s 1*%2!./%05s * s ,.!/!*0/s s ,%+*!!.%*#s
*(5/%/s 0$0s 1*(+'/s /%4s $.0!.%/0%/s %*s 0$!s 0!40s +"s JDs /Ws 	0s
 %""1/!/s %*"+.)0%+*s +10s +*!,0/s 3%0$%*s s *1)!.s +"s /s * s
 %/(+/!/s 0$!)s "+.s /00%/0%(s *(5/%/Xs 3$%$s %/s !*!"%%(s 0+s 0$!s
+**!0%+*s+"s(3s* s!+*+)%/s3%0$s0$!s!+*+)%/s+"s5!.s/!1.%05s
!1/!s0$!s (00!.s "%!( s$/s!),%.%(s 0s 0$0s %*s/1$ss35s*s!s
+**!0! s0+s0$!s!""!0/s+"s(!#%/(0%+*Ws!.!"0!.Xs.0s		s!4!),(%"%!/s0$!s
.+(!s+"s#+2!.*)!*0s* s/01 %!/s0$!sss!)!  ! s%*s0$!sWs
$!s/01 5s.!2!(/s0$0s0$!sss+1( s%*!*0%2%6!s+.#*%60%+*/s
0+s /0%)1(0!s %*"+.)0%+*s %""1/%+*Xs ,.+2% ! s 0$0s %0s3%((s !s !*"+.! s
3%/!(5s 5s 0$!s *0%+*(s  0s ,.+0!0%+*s 10$+.%0%!/Ws 	s 1.#!s 0$!s  0s
,.+0!0%+*s10$+.%0%!/s0+s(++'s0s0%(+.s) !s..+0/s* s0$!s!4,.!//%2!s
"1*0%+*s +"s 0$!s (3s /s (0!.*0%2!s %*!*0%2!s /$!)!/Ws (/+Xs 0$!s
0$.!/$+( s"+.s*+0%"5%*#s%* %2% 1(/s*!! /s0+s!s"%.(5s$%#$s* s(!.q
10Ws /0Xs .0s 			s "+1/!/s +*s %* 1/0.5Xs )+.!s /,!%"%((5s 5!.s .%/'s
%*/1.*!s* s,++(%*#Xs3$%$s%/s.%/'s/$%"0%*#s3%0$+10s0$!s%*0!."!.!*!s
+"s*s%*/1.!.Ws$!s!),%.%(s*(5/%/s+*s5!.s%*/1.*!s/$+3/s0$0s0$!s
).'!0s"+.s/)((qs* s)! %1)s!*0!.,.%/!/s%/s/0%((s%*s%0/s%*"*5s* s0$0s
%*"+.)0%+*s  %""1/%+*s !03!!*s 0$!s %*/1.!.s * s %*/1.! s %/s (%)%0! Ws
5!.s .%/'s,++(%*#s+1( s,(5s*s %),+.0*0s .+(!s %*s /%010%+*/s3$!.!s
+.#*%60%+*/s $2!s )+.!s +.s !-1(s %*"+.)0%+*s +10s 5!.s .%/'s
+),.! s 0+s %*/1.!./Ws 5!.s .%/'s ,++(%*#s *s ,+0!*0%((5s )+2!s
+.#*%60%+*/s0+s !/%.(!s^$5.% _s"+.)/s+"s.%/'s((+0%+*s3$!.!s(/+s
%* %2% 1(s)*#!)!*0s* s5!.s%*/1.*!s,(5ss.+(!Wss$!s*(5/%/s




%*!2%0(5s +*0%*1!Ws +s 3%((s %0/s  +3*/% !/Xs %*s 0$!s *!.s * s  %/0*0s
























!*s 0+!*!)!* s *0(s 5!.*2((!*s ! .!%# !s $!0s "#!(+,!*s
 !!**%1)s !s3!.!( !+*+)%!Ws++.s+.#*%/0%!/s%/s$!0s(/0%#s+)s!!*s
+,0%)(s *%2!1s 2*s 2!%(%#$!% s 0!s !,(!*Ws )s  %0s 0!s 2!.!0!.!*Xs
!,(!%0s !6!s/01 %!s 0s$!0s*++ 6'!(%&'s %/s+)s !s%*"+.)0%!s+2!.s !s
. s 2*s $!0s 5!..%/%+s !*s $!0s .!* !)!*0s 2*s  !s %*2!/0!.%*#s %*s
)0.!#!(!*s +)s $!0s .%/%+s 0!s 2!.)%* !.!*s 0!s  !(!*s +* !.s .!(!2*0!s
0+.!*Xs3.%&s)!*s !s'+/0!*s2*s !6!s'!**%/ !(%*#s%*s$0s*!!)0Ws
,s  %0s )+)!*0s %/s !.s +*2+( +!* !s '!**%/ !(%*#s %*s 5!./!1.%05Ws
.+)s6+!'0s !6!s/01 %!s+,(+//%*#!*s2++.s!""%%<*0!s/0%)1(!.%*#s2*s
'!**%/ !(%*#s %*s5!./!1.%05Ws!**%/ !(%*#s$!!"0s/0!.'!s0.!''!*s2*s
!!*s,1(%!'s#+! Ys !#!*!s %!s !s%*"+.)0%!s !!(0Xs$!!"0s!.s6!("s3!%*%#s
0s%&Ws%0s!)+!%(%&'0s !6!s1%0 #%*#Wss
s
((!.!!./0s)+!0s  !s .!$0/!+*+)%!s !0!.s 2!.+* !*s3+. !*s)!0s  !s
!+*+)%!s 2*s 5!./!1.%05Ws * !.6+!'!./s %*s  !s !+*+)%!s 2*s
5!./!1.%05s6+1 !*s#!.1%'s)+!0!*s)'!*s2*s !s0$!+.!0%/$!s!*s
)!0$+ +(+#%/$!s'!**%/s1%0s !s.!$0/!+*+)%!Ws*s+* !.6+!'!./s%*s !s
.!$0/!+*+)%!s6+1 !*s)+!0!*s(!.!*s2*s !s%*6%$0!*s)!0s!0.!''%*#s
0+0s !s 5*)%!'Xs !),%.%!s !*s /,!%"%!'!s)%.+q!+*+)%/$!s /,!0!*s
2*s !s!+*+)%!s2*s5!./!1.%05Ws!s)+!0!*s!!*s"(%*'!s%*/,**%*#s
 +!*s+)s !s03!!s#!%! !*s%&s!('.s0!s.!*#!*Wss
s
!6!s(*)%$%#G,$G/()+(*/s)+!0s !s0's+,s6%$s*!)!*s+)s
!!*s #!)!!*/$,,!(%&'!s d5!./!1.%05s '!**%/ !(%*#/#!* es 0!s
 !"%*%<.!*s2++.s6+3!(s3!0!*/$,s(/s+2!.$!% s!*s! .%&"/(!2!*Ws('!s
,.0%&s %*s  !6!s d0.%,(!s $!(%4es $!!"0s 2!./$%((!* !s .+((!*Xs
2!.*03++. !(%&'$! !*s !*s)%  !(!*s+)s'!**%/ !(%*#s 0!s /0%)1(!.!*Ws
!s +*03%''!(%*#s 2*s  %!s %* %2% 1!(!s )%  !(!*Xs #!+)%*!!. s )!0s











,%+*%!.!* !s *(5/!s  %!s 6!/s /,!0!*s %*s  !s 3!00!'/0s 2*s JDs
,!./++*/#!#!2!*/!/$!.)%*#/3!00!*s +*0/(1%0Ws !0s  !!(s  !!(0s
%*"+.)0%!s)!0s!0.!''%*#s0+0s+*!,0!*s%**!*s !6!s3!00!*s!*s)'0s
6!s #!.!! s 2++.s /00%/0%/$!s *(5/!Xs 30s  !s 2!.%* %*#s 01//!*s
.!$0/!+*+)%!s!*s !s!+*+)%!s2*s5!./!1.%05s0!*s#+! !s'+)0Ws!s
(0/0!s $!!"0s *)!(%&'s 2!!(s !),%.%/$!s  0s  %!s +,s  !6!s )*%!.s
2!.+* !*s '1**!*s 3+. !*s )!0s  !s !""!0!*s 2*s 3!0#!2%*#Ws %!.*s
.%$0s!!(sEs6%$s+,s !s.+(s2*s !s+2!.$!% s!*s!/01 !!.0s !s*%!13!s
1.+,!/!s)!( ,(%$0s 0(!''!*Xs2!.*'!. s%*s !s1.+,!/!s(#!)!*!s
!.+. !*%*#s !#!2!*/!/$!.)%*#Ws !s /01 %!s +,!*.0s  0s  !6!s
1.+,!/!s)!( ,(%$0s,.%''!(/s'*s#!2!*s+)s+.#*%/0%!/s0!s/0%)1(!.!*s
+)s%*"+.)0%!s0!s !(!*Xs).s((!!*s(/s !6!s/(%)s#!$* $" s3+. 0s
 ++.s !s*0%+*(!s10+.%0!%0!*Ws	's/,++.s !6!s10+.%0!%0!*s *s++'s*s
+)s /(%))!s !(+*%*#!*s 0!s +*03!.,!*s !*s ++'s 0!s '%&'!*s *.s  !s
!4,.!//%!2!s"1*0%!s2*s !s3!0s(/s(0!.*0%!2!s)*%!.!*s+)s !s&1%/0!s
,.%''!(/s0!s#!2!*s*s !s+.#*%/0%!/s %!s !s3!0s)+!0!*s*(!2!*Ws!*s
(0/0!s,1*0s%/s 0s !s .!),!(s+)s0!s)!( !*s.!(0%!"s$++#s)+!0s6%&*s!*s
%*s %! !.s #!2(s  1% !(%&'Ws (/s (0/0!s "+1/0s !!(s Fs +,s  !s .+(s 2*s  !s
%* 1/0.%!Xs!*s%*s$!0s%&6+* !.s+* !.6+!'0s %0s !!(s5!.2!.6!'!.%*#!*s
!*s5!..%/',++(%*#s^.%/%+2!./$1%2%*#s6+* !.s01//!*'+)/0s2*s!!*s
2!.6!'!.._Ws!s !),%.%/$!s *(5/!s 2*s 5!.2!.6!'!.%*#s (0s 6%!*s
 0s  !s ).'0s 2++.s $!0s )%  !*qs !*s '(!%*! .%&"s *+#s %*s  !s
'%* !./$+!*!*s/00s!*s 0s !s'!**%/ !(%*#s01//!*s !s2!.6!'!..s!*s
 !s 2!.6!'!. !s *+#s 6!!.s !,!.'0s %/Ws 5!..%/',++(%*#s '*s !!*s
!(*#.%&'!s.+(s/,!(!*s%*s/%010%!/s3.%*s+.#*%/0%!/s)!!.s^+"s#!(%&'!_s












!s2!. !.!s2!.+* !*$!% s2*s+*6!s *(+#!s (!2!*/s)!0s !s %#%0(!s
3!.!( s6(s6%$s+*2!.)%& !(%&'s2++.06!00!*Ws+s++'s !s* !(!*s$%!.2*Xs
%*s !s*%&!s!*s2!..!s0+!'+)/0Ws!s.!$0/!+*+)%!s2*s5!./!1.%05s
'*s  !6!s +*03%''!(%*#s 2*s !!*s "1* )!*0s 2++.6%!*s 3. ++.s 3!s
















$q,!.%+ Ys.$sECDGsrs!.1.5sECDKss s s
s
!N-+"'"' N








!$2%+.(s(3s* s!+*+)%/s* s!*"+.!)!*0s)!$*%/)/s ECDHs
	




 !)%s.%0%*#s'%((/s"+.s$s/01 !*0/s^+00!. )_s ECDHs
+1./!s,.!/!*00%+*s/'%((/s^+00!. )_s ECDJs
	     	G
+(+#*s+2!)!.s/!)%*.s^00!* *!_s ECDGs
+00!. )s((s/!)%*.s/!.%!/s^,!!.s"!! '_s ECDHs






























































)!Yss s WWWs^!.*+( _s%!13!/0!!#s





!.*+( s%!13!/0!!#s%/ss3s* s+*+)%/s.!/!.$!.s0s+00!. )s	*/0%010!s+"s
3s * s +*+)%/s ^	_Xs ./)1/s *%2!./%05s +00!. )Xs $!s !0$!.(* /Ws
!.*+( s $/s !!*s s $WWs .!/!.$!.s %*s 0$!s 1.+,!*s +0+.0!s %*s 3s * s






N $s * % 0!s 0s 0$!s 1.+,!*s +0+.0!s +"s 3s Vs




s .+//2!.s +""!./s ,.+#.)/s "+.s &+%*0s  !2!(+,)!*0s * s




	*2!/0!*/s %/s s +*!,0s "+.s s /+%(s %*2!/0)!*0s "1* s %*s













s *(56%*#s * s ,.+,+/%*#s /+(10%+*/s 0+s +2!.+)!s 0$!s
1,+)%*#s/$+.0#!s +"s 0!$*%(s !),(+5!!/s 0s10$s10%(%05s
+),*%!/Ws
s
ECDDs ss s +-"")'-N-N-!N.-!N-"('%N!"'$N'$Ns s






ECDKs %!13!/0!!#XsWWWXs%//$!.XsWWXs !s. sW
WWssG-G




ECDKs %!13!/0!!#Xs WWWXs "&"*G *"!G !$G %%!G *%*G &+"!G
%$,()""G"$>G%**%!!(s#( Ws
ECDKs 1.!XsWWXs %!13!/0!!#Xs WWWs/(G )!G %%"$>s s

+1.*(s+"s3s* s1/%*!//s^"+.0$+)%*#_Ws
ECDJs %!13!/0!!#Xs WWWXs s""G !)G ,%%(!%#$AG *G *$G "!G
&( )>Gq* !(/( Ws
ECDJs %!13!/0!!#Xs WWWXG %%!G ,->s +))+*s .'!0s 3s
!2%!3WsG
ECDJs %!13!/0!!#Xs WWWXs %//$!.Xs WWXs  !s . s W
WWs G























N N N /0!.s1.+,!*s3s^1)s1 !_s
s s s $!(+.s0.!$0s3s+((!#!s^$+*+1./s,.+#.)_s
s





























.!/% %*#s0$!s+. Ws!(!#0!s0s0$!s).% #!s* s.2. s
+ !(s*%0! s0%+*/Ws
N N N N N N N N
s
s
s
s
s
FJDs
s
s
s
s
s
FJEs
N s
s
